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INTRODUCTION 
Water is a valuable natural resource and the basis of existance of all life 
forms in our biosphere. Besides, the watershed areas of a large rivers 
were the birthplace of ancient human civilization in the world. It has 
been the cause of rise and fall of many civilizations, which flourished 
along freshwater bodies and perished when they dried (Daynanda et al. 
2002). Water covers about three fourth of the earth's surface of which 
only 2.53% is the freshwater (Anon, 2003). However, merely 0.5% of 
worlds freshwater resources are accessible for human use as two-third is 
locked away in the glaciers and the continental ice while the remainder 
exists as soil moisture. Water is an indispensable liquid required for 
several purposes including drinking, sanitation, irrigation, navigation 
and recreation, aquaculture as well as it is a valuable source of organic 
productivity. 
The water bodies are ultimately related to human life and his livelihood. 
The scarcity of accessible freshwater is of interest as well as concern. 
Water has been serving receptacle for all kind of wastes since man 
has evolved but the impact of such uses was not much pronounced in 
the past. Today, most of the water resources have become polluted due 
to anthropogenic activities and scientific pressure. 
Inland water as freshwater is characterized by complex interactions 
between abiotic components of water and inhabitant living 
communities. Inadequate protection of the quality of fresh water can set 
important limits to sustainable development, health and sanitation, 
poverty eradication and biodiversity, conservation. If the present 
situation is allowed to continue, a severe water stress is feared to occur 
by 2025 with gnjater impact on the developing countries (Anon, 2002). 
Investigations on physico-chemical and biotic attributes of different 
water bodies is essential to understand their structure and dynamics, 
assessment of biological productivity and formulation of strategies for 
their scientific management for various purposes. 
Beginning of knowledge, concerning freshwater life, arose in 
remote past probably long before the time of Aristotie (384-322 B.C). 
Limnology, has proved helpful in understanding the dynamics of 
standing water since the time of Forel (1841-1812). He was the first to 
define limnology as; "the oceanography of lakes^^ and his pioneering 
investigations were focused on Le Leman (Lake Geneva). Forel is 
regarded as the founder and the father of the limnology (Welch, 1952). 
The term limnology is derived from the Greek word "Limne", meaning 
pool, marsh or lalce (Cole, 1983). Limnology is now commonly defined 
as that branch of science, that deals with biological productivity of 
inland waters and with all the casual influences, which determine it 
(Welch, 1952). 
Several workers have made important contribution in the field of 
limnology keeping in view various aspects (Birge and Juday, 1911, 
1929; Chandler, 1944; Welch, 1952; Pennak, 1978; Mavarkar and 
Hosetti, 2000; Singh et al 2001; Pande and Mishra, 2002; Bhaumik et 
at. 2003; Garg aad Totawat, 2004; Pandit, et al. 2005 and Strobl et al 
2007. 
The freshwater ecosystem of various water bodies of Kasiimir is 
quite different from that of waterbodies of Indian plains, on account of 
biogeography of Kashmir. A special aspect of biotic interference in 
inland waters is anthropogenic eutrophy, and it is causing public 
concern and naturally attracting active attention of scientists and 
ecologists. 
Intensified biological process in lakes due to increased supply of 
nitrogen and phosphorus besides adverse human activities together 
stimulate eutrophic hydrobionts and result in increased accumulation of 
organic matter and change in redox processes in lalces; finally resulting in 
considerable change in composition of biocenoses and their distribution. 
The harmful effects are water blooms. Further, Kashmir waters are 
subjected to broad-scale utilization for tourist traffic and disposal and 
dilution of sewage and minor industrial effluents. Mukherji (1921) was 
possibly the first to study the Kashmir lakes. 
The important contributions in the field of limnology from 
Kashmir valley are those of Mukerji (1921), Zutshi and Vass (1970), 
Zutshi et al. (1972), Das and Alchtar (1970), Vass (1980), Kant and 
Kachroo (1977), Zutshi and Vass (1977), Kaul et al. (1978), Zutshi 
and Khan (1978), Khan and Zutshi (1980), Kaul et al. (1980), Khan 
(1987), Balkhi and Yousuf (1992), Sarwar (1999), Kundangar and 
Sarwar (1997), Pandit (1998, 1999), Zutshi and Gopal (2000), Pandit 
and Yousuf (2002), Wanganeo etal. (2004), Hina and Yousuf (2005). 
Plankton are microscopic organisms which consist of tiny plants 
(called phytoplankton) and tiny animals (called zooplankton) that either 
float passively in the water or possess such limited power of swimming 
that they are carried from place to place by currents. The word plankton 
comes from the Greek word "Planktos" which means drifting or 
wandering. 
The term plankton was first proposed by oceanographer victor 
Hensen in 1887 to designate heterogeneous assemblage of micro-
organisms and fmely divided, non-living materials then known to occur 
in the waters of sea and to float about at the will of the waves and other 
water movement (Welch, 1952). The term was soon extended to cover 
all the assemblages of such organisms and materials regardless of the 
nature of the waters which they occupied, and this is the sense in which 
the term is sometimes used today. A single organism in the plankton is 
known as plankter. The environment inhabited by plankton are 
manifestly heterogeneous (Reynolds, 1984). 
Plankton constitute an important component of freshwater 
ecosystem. Their basal position in the food pyramid of the aquatic 
ecosystem is such that a major change in their population densities, 
resulting from some of the physico-chemicdl changes, can potentially 
alter the entire biomass production. The significance of plankton in the 
energy flow is fairly well established (Jhingran, 1882; Harness and 
Mann, 1982). 
Broadly plankton are divided into two groups; the phytoplankton 
which include bacteria and single and multicellular algae and 
zooplankton which include protozoa and metazoa. 
The term phytoplankton refers to the autotrophic component of 
the plankton that drifts in water column. The term is taken from a Greek 
word "phyton" or plant that means wandrer or drifter. Phytoplankton 
are the chief primary producers of die aquatic environment 
(Vollenweider 1968, Wetzel, 1975) which fix solar energy by the 
process of photosynthesis, assimilating carbon dioxide and water to 
produce carbohydrates. Most phytoplankton are too small to be 
individually seen with the unaided eye. Phytoplanlcton consists of a 
diverse assemblage of nearly all major taxonomic algal groups which 
include chlorophyceae, bacillariophyceae, cyanophyceae, euglenophyceae 
etc. Many of these forms have different physiological requirements and 
vary in response to physical and chemical parameters such as light, 
temperature and nutrient regime. Despite these diversities, both 
taxonomic and physiological, many algal species co-exist in the same 
water volume. However, dominant genera in the algal groupings change 
not only spatially (vertically and horizontally within a lake), but also 
seasonally as physical, chemical and biological conditions in the water 
body change. 
Zooplankton are small organisms that float freely in water column 
of lalces, ponds, wetlands, rivers and oceans. Their distribution is 
primarily determined by water movements and mixing. They vary in size 
from ultra to macro zooplankton. Rotifers, cladocerans, copepods and 
ostracods constitute the major group of zooplankton. Zooplanktons also 
include protozoans and iar\^ al forms of many animals. Among 
protozoans, a number of ciliates are common to the zooplankton. They 
dominate in very shallow water bodies in the deeper strata of nearly or 
completely anaerobic hypolimnion. Zooplankton forming the most 
important animal group of aquatic environment, constitute a major 
portion of the diet of fish and other aquatic organisms. The majority of 
economically important freshwater teleosts are known to pass through 
stages in their life history when they subsist on zooplankton for food. 
Besides, many adult major carps of commercial importance are reported 
to feed selectively on these organisms. Zooplankton mediate the transfer 
of energy from lower to the higher trophic level (Waters, 1977). It has 
been seen that inspite of many difference between the structure of 
freshwater and marine zooplankton communities (Lehman, 1988), the 
main herbivore component in botli environment is formed by groups of 
cnistaceae (Jalc, 1997). 
These animals, found in freshwaters are extremely diverse and are 
represented by nearly all phyla. Evaluation of their functional roles 
within aquatic ecosystem requires a balanced understanding between the 
modes and timing of growth and reproduction in relation to the 
availability and utilization of food. The population dynamics and certain 
important behavioural characteristics that influence these dynamics 
regulate the productivity of the individual species population and entire 
community. 
The important contribution on plankton studies are those of 
Kofoid, C.A. (1903), Pearsall (1932), Martin (1965), Matiiew (1969), 
Jana (1973), Pa.idit (1998), Tundisi and Tundisi (1976), Kaul et al. 
(1978), Lampus et al. (1990), Singh (1990), Sukumaran and Das 
(2001, 2001a & 2003), Murrel and Lores (2004), Srivastava (2005), 
VmnsLrdefal. (2007). 
In view of the less work, undertalcen in comparison of die urban lakes of 
the valley of Kashmir to unravel the various Limnological parameters of 
the lake, an exhaustive study of plankton diversity was undertaken. The 
objectives of the present work include various physico-chemical and 
Biological characteristics which could be helpful in assessment of the 
trophic status of the lake. 
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DESCRIPTION OF STUDY AREA 
(WULAR LAKE, KASHMIR) 
The valley of Kashmir is embedded in the midst of the Himalayan 
range, Ues between 33", 0 1 ' and 35" OO'N and 73", 48 ' and 75", 
30'E at an altitude of over 1550 m above mean sea level. The valley 
of Kashmir finds no matches in the Himalayas while considering its 
area of water bodies, total run-off and the length of water courses. 
For centuries the crystal clear waters of the lakes, streams and the 
springs have been famous all over the world. Whereas Shishnag, 
Alapathar, Tarsar, Marsar and Gangabal are among the prominent 
mountain tarns, the Dal, Wular, Manasbal, Anchar and Nagin 
represent the valley lakes. All these waters besides the sources of 
tourist attraction also provide fish and edible plants, fodder and 
several vegetables and support some cottage industries like wicker 
works, mats etc. 
The Wular lake (34" 15 ' - 34" 28 'N longitude and 74" 30' -
74° 45 'E latitude) is the largest freshwater lake of India and in Asia, 
situated at an altitude of 1580 m above Sea level. The lake is located 
11 
in newly carved district of Bandipore which is about of 34 km away 
from Srinagar and extends from Bandipore to Sopore. 
The lake is surrounded by the hills in North-Eastern and 
North-Western sides and is liable to the action of sudden and furious 
hurricanes that sweep over it with extra-ordinary violence. Besides the 
river Jehlum various bubbling springs as well as streams like Erin, 
Madhumati, Pohru, Harbuji, Arrah and the famous Ningal nallah 
contribute to its water. The river Jehlum flows into the lake near the 
village 'Banyar' on its south-East side and leaves the lake near Sopore 
from its South-West corner. 
The origin of the Wular lake dates back to the reign of King 
Sundar Sena. It is said that a destructive earthquake occurred in the 
valley by which the earth in the middle of the city of Sandimatnagar 
was drifted and the water gushed out in a flood and soon submerged 
the whole city. By the same earthquake a knoll of the hill at 
Baramullah near Khadanyar tumbled down which chocked the outlet 
of the river Jehlum and subsequently the water rose high at once and 
drowned the whole city, with its long and the inhabitants. This 
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submerged city is now tlie site occupied by Wular lake (Bamzai, 
1962, Stein, 1961 and Raina 1977). 
In ancient times its surface area was 202 sq. Km (STEIN, 
1961) but due to continued silt deposition brought by its various 
tributaries, (Erin, Madhumati and other streams and (particularly at 
inflow of river Jehlum in southeast part of lake) exceptionally high 
human interference in and around this mighty wetland in the form of 
agriculture, industrialization and urbanization, the lake has shrunk 
today and it;; surface area is reduced to about 24 sq. Km. The lake is 
mono basined and is of an elliptical shape with maximum length of 
16 km and breadth of 9.6 km. The lake can be broadly divided into 
shallow and deeper zone. The shallow zone is colonized with dense 
growth of Submerged, floating and emergent macrophytes like 
Ceratophyllum ckmersum, Myriophyllum spicatum, Trapa bispinosci, 
phragmites communis, Nymphoides peltata et*.. The deeper zone of the 
lake is towards western side (opposite to hill of Great Sofi saint Baba 
Sharkrudin) and depth in this zone varies from 1.7m to 5.8. The 
peripheral areas have already turned into marshes that have been 
reclaimed and are used for the cultivation of peddy, vegetables and 
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tree Plantation. Rice fields are seen usually towards the North-
Western, W<:stern and South-Western sides of the lake. On its south, 
South-Eastern and eastern sides, there are large areas of the land the 
banks containing Willow plantation, which provide an important 
source of fire wood for the neighbouring habitation. 
Further, due to large quantities of organic matter brought by 
river Jehlum, flowing through several towns of the valley, add and 
deposit organic and inorganic matter to the lake and as a result of this 
nutrient concentration in the lake has increased. This has resulted in 
the production of large number of rooted and free floating plants. 
The shores of the Wular lake are strided with numerous villages 
namely Ashtung, Malangam (North), Qazipur, Bandipore proper, 
Lankrishipora (North-East), Aaragam, Haungtung, Saudrakoot 
(East); Banyar, Mukdamyar, Shahgund (South) Watlab (West) and 
Kanibathi (North-West). At the mouth of the fine valley on the 
eastern side of the lake there is an Island, raised by "Budshah" (Sultan 
Zainul - Abidin, 1420 - 1470 A.D). 
The Wular lake is an important habitat for the fish fauna of this 
region. It provides about 60% of the fish yield of the Kashmir region. 
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The Dominant fish species found in the Wular lake are: Cyprinus 
carpio, Barbus conchonius, Gambusia affinis, Nemacheilus spp., 
Crossocheilus htius, Schizothorax curvijrons, Schizothorax esocinus, 
Schizothorax planijrons, Schizothorax micropo^pin, Schizothorax 
porigipinus and Schizothorax niger. The Wular lake with its 
characteristic features sustain a rich population of avifuana. Terrestrial 
birds found around the lake are the black-eared kite, sparrow hawk, 
short-toed eagle, Himalayan golden eagle, hawk and vultures, monal 
pheasant, chukar partridge, kiklas pheasant, blue rock pigeon, cuckoo, 
alpine swift, Himalayan pied, wood pecker hoopoe, common 
swallow, golden oriole and others. 
Wular lake plays significant role in hydrographic system of 
Kashmir valley by acting as a huge reservoir and absorbs high annual 
floodwater of the river Jehlum. In recognition of its biological, 
hydrological and socio-economic values, the lake was included in 
1986 as a wetland of National importance under the wetland 
programme of the Ministry of Environment and Forests, Government 
of India for intensive conservation and management purpose. 
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Subsequently in 1990, it was designated as wetland of International 
importance under the Ramsar convention. 
The lake is undergoing rapid siltation and the water is contaminated 
with domestic and industrial wastes, originating mainly from the 
Srinagar city and entering the lake via River Jehlum. Thus, there is 
serious risk of loosing die biological diversity including the loss of 
some endemic and endangered species due to andiropogenic activities 
on diis wetland. 
Selection of Sites 
Three collection sites were selected at three different location i.e. 
Lanksrishipora which lies a few km. away from the district 
headquarter of the district Bandipore, Kanlibagh (near Aloosa) and 
Watiab Ghat (near Watlab). These sites have been designated as site I 
for site II and site III respectively. 
Site I (Lankrishipora): This site is located on the North-East side of 
the lake and lies in the vicinity of the Erin-Nallah which is one of the 
important tributaries of the lake on its North-East side. Here the 
depth varied between 0.45 m to about 1.70 m. during ±e study 
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period. The site is characterized by the dominance of Potomagton 
crypus in the inshore region whereas the offshore region is having 
Trapa bispinosct 2ind Nymphoides peltata as the dominant microphytes. 
Site II Kanlibagh (Aloosa); The site is located on the northern side 
of the iaice. Here the depth ranged between 0.55 m to 1.85 m. The 
study site is characterized by the dominance of Nymphoides peltata, 
Ceratophyllum demersum, Myriophyllum spicatum, Trapa bispnosa. 
Site III Wadab Ghat: This site is located on the western side of the 
lake near the hills of Sofi Saint Baba Shukur-u-din R.A. This site is 
deepest of the selected sites and is characterized by the presences of 
macophytes like Ceratophyllum spp., Trapa natanSj etc. 
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Map of Wular lake showing sampling stations. 
Erin Stream entering Wular lalce near site I (Lanl(rishlpora) 
Site I (Lanlcrishipora) 
Site II (Kanlibagh Aloosa) 
Site III (Watlab Ghat) 
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Dense growth of macrophytes at site II (Aloosa Ghat) 
Encroachment of Wular lake at site III (Watlab Ghat) 

MATERIALS AND METHODS 
Different physico-chemical Parameters were analysed monthly 
from March 2007 to Feb 2008 at three selected sampling sites of the 
lake. Each chemical parameters was repeated at least three times and 
average of the three readings were taken for the sake of accuracy. Air 
and water temperatures were recorded with the help of mercury 
thermometer graduated up to 100"C at 10 a.m. every month. 
The depth at the Sampling sites was obtained in meters by sounding 
the bottom with a graduated nylon rope tied to a lead weight. 
Transparency, the limit up to which light can penetrate in a water 
body, was measured by using standard Secchi disc having a diameter 
of 30 cm and divided into black and white quadrants at surface. The 
average of two depth readings at which secchi disc disappeared and 
reappeared was noted as transparency. 
Dissolved Oxygen (D.O) was performed at the sites by Winkler's 
modified technique (APHA, 1998). 
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Free Carbondioxide (CO2) was determined by titrating a 100 ml 
water sample with 0.025N NaOH using phenolphthalein as an 
indicator. 
pH of water was determined at the sites by using a portable electronic 
digital pH meter. 
Alkalinity was estimated by titrating a 100 ml water sample with 
0.02N sulphuric acid using phenolphthalein and methyl orange as 
indicators (Theroux et al., 1943). 
Hardness of water was estimated by titrating the water sample with 
O.OIN EDTA solution using murexide as indicator (Trivedy and 
Goel, 1984). 
Total Dissolved Solids were recorded with portable digital TDS 
meter. 
Electric Conductivity was measured by conductivity meter in 
jLtScm'^ 
Calcium and Magnesium was estimated by titrimeter method 
(Trivedy and Goel, 1984). 
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Chloride was estimated by titrating the 50ml sample with 0.025N 
silver nitrate using 5% potasium chromate solution as indicator 
(APHA, 1998). 
Inorganic phosphorous (PO4-P) was estimated by ammonium 
molybdate-blue method using stannous chloride (SnCl2) as an 
indicator (Barnes, 1959). 
Nitrate-Nitrogen (NO3-N) was determined following the phenol-
disulfonic acid method (Theroux ct al., 1943 and Trivedy and Goel, 
1984). 
Phytoplankton Analysis 
For phytoplankton analysis, monthly water samples (500 ml) 
were collected from all the three sites of the lake. To each sample, 5ml 
Lugol's iodine solution (Edmondson, 1959) was added. After 
keeping it for 24 hours the supernatant was discarded and 20ml 
concentrate was obtained. Qualitative and Quantitative analyses of 
this concentrate were made using an inverted microscope (Metzer). 
For making qualitative analysis, information given Edmondson 
(1959), Needliam and Needham (1962) and Diatomeen Der Rhein-
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Mainebene (1904) were utilized. For making quantitative analysis, 
counting were made by putting one drop of concentrate (0.02ml) on 
a slide and observing the contents under inverted microscope. The 
results were obtained by recording the number of organisms per ml 
of water following Welch (1952). 
For Zooplankton analysis, monthly samples were collected 
from all the three sites of the lake. Everytime 100 liters of water was 
filtered passing it through plankton net having mesh size of 25 
micrometer; samples were then washed out into wide mouth botdes 
and were preserved by adding 5% formaldehyde solution to them. 
Further analysis was done by putting 1ml of the fixed sample on a 
Sedgewick - Rafter cell, and studying it under an inverted microscope 
(Metzer). For qualitative analysis, the information given in 
Edmondson (1959), Needham and Needham (1962), Sharma, B.K. 
(2001a) Pennak (1978) and Tonapi (1980) were utilized. 
Identification was done upto species level, wherever possible, results 
were expressed in No ./I. 
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Climatology of Kashmir 
The valley of Kashmir occupies the northern most geographical 
position in India. It is a locustrine basin of Pleistocene origin formed 
as a result of tectonic activity (Zutshi and Khan, 1978). The climate 
of the valley is greatly influenced by the Himalaya vast barrier nearly 
3, 200 km long, separating the liigh dry Tibetan plateau from the low 
humid sub-tropical lands of Ganges and Brahmaputra. Thus, the 
diverse physical features and location between the weak monsoon 
zone of Punjab and cold dry belt of Ladakh and Tibet result in 
Kashmir, having a typical climate of its own type. 
The general climate conditions of Kashmir valley as such are 
transitional resembling sub-Mediterranean type and characterized by a 
rainfall occiuring throughout the year except 2 to 3 dry periods in 
summer and Autumn. Depending upon the duration and magnitude 
of precipitation and temperature, four seasons, viz spring (March-
May), summer (June-August), autumn (September-November) and 
winter (December-February) are clearly recognized. July is the hottest 
month of the year with a maximum temperature record of 36°c. both 
photo and nycto-temperatures start falling from October till the 
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freezing temperature is reached in winter (mostly in January). Rains 
are frequent in spring when the temperature gradually starts 
increasing, causing the melting of ice. 
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TEMPERATURE 
Temperature is one of the most important physical parameter in 
natural water systems. The temperature of the surface waters governs 
to a large extent the biological species present and their rates of 
activity. The level of distribution of gases, nutrient cycles along with 
the other biogenic processes get affected by the changes in the 
temperature of the environment (Welch, 1952). Change in 
temperature govern biological processes like growth, development, 
reproduction, and other life processes of the biota (Wetzel, 1983). 
Fluctuation in temperature of an aquatic medium regulates the 
biological composition of tliat ecosystem (Banerjee et al. 1989). 
Besides solar radiation, the temperature of natural water system 
depends upon various factors like water depth, climate and 
topography. Change in water temperature closely follows the air 
temperature and remain above or below than air temperature. 
A great work has been done on the thermal properties of 
freshwater ecosystem. Some important contributions are those of 
Hutchinoson (1967), Munawar and Zafar (1967), Vashisht and 
Sharma (1976), Bomber etd. (1988), Kant and Raina (1990). 
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Variation in air & water temperature of all the three sites are 
given in Table I a, b, & c. The air temperature varied from 7"C to 
ST'C with minimum during January 2008 and maximum during July, 
2007 at the selected sites. The water temperature varied from 5"C to 
28"C with minimum during January 2008 and maximum during July, 
2007. 
The air temperature varied from a minimum of 7"C in the 
month of January, 2008 to a maximum of 31°C in the month of July, 
2007 at site I. At site II, it ranged from a minimum of 8°C in the 
month of January, 2008 to a maximum of 29°C in the month of July, 
2007 whereas it fluctuated from a minimum of 8°C in the month of 
January, 2008 to 30"C July, 2007 at site III. The water temperature 
fluctuated from a minimum of 5°C in the month of January, 2008 to 
p maximum of 28"C in the month of July, 2007 at site I. At site II, it 
varied from a minimum of S^ 'C in the month of January, 2008 to a 
maximum of 27"C in the month of July and August, 2007 whereas it 
ranged from a minimum of 6"C in the month of January, 2008 to a 
maximum of 27"C in the month of July, 2007 at site III. 
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A minimum of 2"C difference, between Air and water 
temperature was recorded at site I, during the month of January 2008 
and maximum recorded difference was 4"C during March, May, June, 
September, Oaober 2007 and February 2008. At site II, minimum 
temperature difference between air and water temperature was 2°C in 
the month of July and December 2007 whereas maximum difference 
between air and water temperature was recorded 4°C during May and 
November 2007 and February 2008. At site III, minimum 
temperature difference was 2°C during the month of June, December, 
2007 and January 2008, whereas maximum difference between air 
and water was 4"C during the month of March 2007 and August 
2007. 
The change in temperature at all the sites are due to addition or 
loss of heat in waterbody (Wetzel, 1983). The temperature range 
fairly agrees with the range provided for water temperature from 
most of the waterbodies in Indian subcontinent (Qadri and Yousuf, 
1980; and Kant and Raina, 1990). 
In the present study, it was found that surface water 
temperature of all the diree sites of the lake follow, the changes in the 
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air temperature. Morcver, increase in the solar radiation due to 
increase in the day length may explain the gradual increase in both the 
air and water temperature. At all the three sites, a positive correlation 
was found between air and water temperature (Table 7, Fig 4). 
Light Condition 
Light is important to aLjiiaric plants and animals. The arrival of solar 
radiations at the surface marks the beginning of the photochemical 
and other biological reactions of flora and fauna in an aquatic 
ecosystem. Radiant energy is transformed into a potential energy by 
bio-chemical reaction, such as photosynthesis, or to heat (Wetzel, 
1983). It is one of the most important environmental factor affecting 
the growth rate of algae. Light absorption by phytoplankton is an 
important component of planktonic primary production (Marra et al. 
1993). 
Transparency of water allows light penetration which has far 
reaching effects on all aquatic organisms including their development, 
distribution and behaviour etc. (Wetzel, 1983). The transparency of 
water body depends upon turbidity (Chandler, 1944; Hutchinson, 
1975), which is caused by dissolved substances and suspended matter, 
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both living and non-living. Light availability at a depth is affected 
directly by the presence of total suspended solids and plankton in 
water column and by macrophytes and sediment accumulation on the 
surface. According to Hutchinson (1975) transparency, the depth up 
to which light penetrates in water body can be used as a reliable 
indicator of productivity. 
The monthly variation in the transparency value of all the three 
sites of the lake is given in table I a, b, & c. At site I, Secchi disc 
transparency measurement ranged from 18 to 80 cm showing 
minimum values in March 2007 and a maximum of 80 cm in 
February, 2008. At site 11, transparency values varied from a 
minimum of 14 cm in the month of March, 2007 to a maximum of 
70 cm in the month of January, 2008 whereas at site III, 
Transparency measurements varied from a minimum of 20 cm in the 
month of March, 2007 to a maximum of 120 cm in January, 2008. 
In present investigation, the high transparency during winter 
and autumn might be attributed to the decreased silt, low biological 
activities, and low input of organic matter at this time, whereas 
reduction in transparency values during the investigation is attributed 
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to the increased quantity of suspended matter in the lake brought by 
river Jhelum and other inflowing streams. The results are in 
conformity with the findings of Zutshi (1987) and Kundangar and 
Zutshi (1985). 
Statistically a positive correlation was found between 
transparency and TDS table (7) fig 5. 
Total Dissolved Solids 
Total Dissolved Solids (TDS) in water comprise mainly of inorganic 
salts and small amount of organic matter. The TDS has been proved 
as a very useful parameter in determining the productivity of inland 
water (Hutchinson, 1975; Wetzel, 1975). Kemp (1971) has stated 
that in the classification of water with respect to the productivity, the 
amount of TDS present in them is of great importance than their 
chemical composition. According to Trivedy and Goel (1984) excess 
amount of TDS in water tends to disturb the ecological balance due 
to suffocation in aquatic fauna even in fair amount of D.O. Higher 
concentration of TDS (near 3000 mg/1) may also produce distress in 
livestock and cattie (Trivedy and Goel, 1984). 
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The monthly recorded TDS values are given in table I, a, b & c. 
Values of TDS fluctuated from a minimum of 30 mg/1 in the month 
of May, 2007 to a maximum of 102 mg/1 in the month of January, 
2008 at site I. At site II, it varied from a minimum of 44 mg/1 in 
May, 2007 to a maximum of 91 mg/1 in the month of October, 2007, 
whereas at site III, it ranged from a minimum of 39 mg/1 in the 
month of May, 2007 to a maximum of 162 mg/1 in the month of 
February, 2008. 
The higher values of TDS at different sites might be due to higher 
decomposition rate and release of nutrients from the sediment. The 
low e^r TDS values can be attributed to the loss of nutrients into the 
sediment and their utilization by the plankton and other aquatic 
plants. In the present investigation, the amount of TDS also depend 
upon the amount of input from river Jhelum and various inflowing 
tributaries of the lake and other anthropogenic activities within the 
lake. Water bodies with high TDS have been reported to be 
productive than those with low values (Welch, 1952). 
TDS showed positive correlation with transparency at site I all the 
three sites (table 7). 
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Electrical Conductivity 
The specific conductivity is an important factor which gives an 
indication o^ total salt concentration, thereby the type of water body 
from the nutrient point of view. The conductivity values are the 
indications of the total nutrient level of the water bodies and, 
therefore, this parameter is used to indicate the trophic status. 
Electrical conductivity of water reflect: the amount of dissolved 
solutes present in it. Therefore, it is considered as an index of total 
dissolved solids (Sreenivsan, 1964). Freshwater bodies in their natural 
state have very low conductivity values. Polluted water showed higher 
values of conductivity (Trivedy ?^ ^ /. 1985). 
Electric conductivity increases as the amount of ions isncreases, thus it 
is directiy related with the amount of total dissolved solids. Higher 
values of conductivity dui'ing some months might be due to die facts 
that various dissolved substances, nutrients etc. are continuously 
released into the aquatic medium through death and decomposition 
of aquatic organisms. Lower values of conductivity might be 
31 
attributed to the consumption of TDS by the phytoplankton and 
other aquatic organisms present there. 
The increase in electrical conductivity is related to the proportion to 
the status of enrichment (Juday & Birge, 1933; Vollenweider and 
Frei, 1953). 
The monthly variations in the values of conductivity is given in table 
1 a, b & c. 
The conductivity values ranged from a minimum of 110 jitS cm"^  in 
the month of May, 2007 to a maximum of 312 fiS cm'^  in the month 
of November, 2007 at Site 1. At site 11, it ranged from a minimum of 
96 /JLS cm'^  in May, 2007 to a maximum of 298 /iS cm'^  in the month 
of October, 2007, whereas it varied from a minimum of 105 /xS cm'^  
in the month of May, 2007 to a maximum of 295ju.Scm"^  in the 
month of November, 2007. 
In present investigation the electrical conductance depicted the 
seasonal trend. It was higher during Autumn and comparatively low 
in spring and summer. This might be attributed to higher biological 
productivity and nutrient enrichment during this period in this 
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waterbody. The higher values during Autumn is related to the 
abundance of nutrients which are released in the decomposition 
process of organic matter (macrophytes and animals). The lower 
values recorded during spring and summer is due to locking up of 
nutrients during these seasons. 
Dissolved Oxygen 
Oxygen directly affects the survival and distribution of flora and 
fauna in an ecosystem (Vijay Kumar et al. 1999). Dissolved oxygen in 
an aquatic ecosystem is responsible for controlling essential and 
fundamental reaction mechanisms, as the solubility of many inorganic 
nutrients is strongly effected by the presence of oxygen. The dissolved 
oxygen play an important role in regulating metabolic activities of 
almost all organism. Dissolved oxygen is one of the most reliable 
parameter in assessing the trophic status and the magnitude of 
eutrophication in an aquatic ecosystem (Edmondson, 1966, Brazin & 
Saimdcrs, 1971). The oxygen is supplied to aquatic environment 
through direct diffusion from the atmosphere, from photosynthesis of 
green plants and phytoplankton and through agitation of water. 
According to Hutchinonson (1957), the oxygen concentration may 
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increase due to the presence of dense growth of aquatic plants and 
weeds, near the shoreline. The solubility of oxygen in freshwater is 
not fixed but it depends upon the oxygen pressure in the air, water 
temperature and dissolved salts present in water. The solubility of O2 
in freshwater ranges from 14.62 mg/1 at 0°C to 6.49 mg/1 at 35°C at 
the same atmospheric pressure (Wetzel, 1983). 
A vast literature exists on the oxygen regime of aquatic 
ecosystem. Important contributions are those of Wetzel (1983), 
Yousuf and Shah (1988), Qadri and Ycjsuf (1978), Anjana and 
Kanhere (1995), Paul and Verma (1999), and Vijay Kumar et al. 
(1999). 
The monthly variation in the dissolved oxygen content of all 
three sites of the lake are given in the Table 2 a, b, & c. It varied from 
3.6mg/l to 13.0mg/l in the samples collected from the selected sites of 
the lake. 
Site I showed a minimum of 3.60 mg/1 in the month of July 
2007, and maximum of 13.0 mg/1 in January, 2008. At site II, value 
of dissolved oxygen ranged from a minimum of 4.40 mg/1 in the 
month of June, 2007 to a maximum of 13.0 mg/1 in February, 2008. 
34 
At site in , the values of dissolved oxygen fluctuated from a minimum 
of 4.40 in the month of July, 2007 to a maximum of 12.0 mg/1 in 
January, 2008. 
According to Wanganeo et al. (1977) the oxygen concentration 
in water depends on temperature, plankton population and the degree 
of Sewage pollution. Wide variation in D.O content have been 
reported from Indian freshwater (Bose and Gorai, 1993; Pathak and 
Shastree, 1993; Kumar 1995). The fluctuations in D.O content may 
be attributed to a number of factors such as solubility of oxygen in 
water, light Intensity, diffusion and absorption from the atmosphere, 
presence and abudance of green aquatic organisms, photosynthesis 
and loss due to chemical and biological oxidation (Wetzel, 1983). 
In the presents investigation higher values of D.O. during some 
months might be attributed to intense photosynthetic activity of 
phytoplankton and other green aquatic plants present in this water 
body and also due to more oxygen holding capacity of water at low 
temperature during winter. Cold water can hold more dissolved 
oxygen than warmer water and freshwater holds more than salt water 
(Wetzel, 1983). The lower value of D.O during summer might be 
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attributed to decomposition of organic matter (both amtochthomus 
and ailochthmus), low photosynthetic rate increased, respiration by 
micro and macro-organisms and due to entry of surface runoff 
containing mud, silt during rainy season. 
In present investigation, lowest oxygen value were recorded in 
summer, which could be attributed to increased rate of oxidation of 
organic maiter (both the amtochthomus and the ailochthmus) 
brough in by the inflowing streams thereby, leading to reduced 
oxygen rates. Morever, at die higher temperature the water has less 
oxygen holding capacity. High oxygen levels in the winter may also 
be attributed to low respiration demand in winter. These results are in 
full agreement with the findings o^ " Vass et al. (1977) and Pandit 
(1980) (Kaushik and saksena, 1999). lUssolved oxygen showed 
negative correlation with the water temperature (table 7, fig 6) and 
positive correlation with pH at all the three sites. (Table 7, fig 7). 
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Carbon dioxide 
Carbon dioxide in the aquatic ecosystem occur either in the 
form of a gas (free state) or in combination with other substances 
(Hutchinson, 1957). It is also found in combination with other 
substances mainly in two forms, as carbonates (fixed CO2) and as 
bicarbonates (half bound CO2). In free state, it is derived pardy from 
the atmosphere and partly as a product of respiration by aquatic 
organisms and the decomposition of the organic matter. In most 
inland waters, CO2 is predominant and is utilized by 
photosynthesizing plants either directly or indirectly (Tailing, 1985). 
Many algae and aquatic plants are capable of utilizing carbon dioxide 
from bicarbonate ions when free CO2 is either absent or in very low 
supply (Wetzel, 1983). 
Atmospheric carbon dioxide enters into the natural waters through 
diffusion (Broecker, 1973). Free CO2 dominates in water at pH 5 
and below, while above pH 8.3, carbonates are quantitatively 
significant. Between pH 7 and 9 bicarbonates predominate (Cole, 
1983). The free CO2 which is much more soluble than oxygen 
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(Welch, 1952) in water is always found in large quantities in polluted 
waters. 
A vast literature exists on the presence of Carbon dioxide in Indian 
freshwater bodies. Important contributions are those of Munawar 
(1970), Qadri and Yousuf (1978), Prasad (1990), Kaushik and 
Sakscna (1999) and Hosctti (2002). 
The variation in the dissolved CO2 content of all the three sites of the 
lake are given in Table 2 a, b & c. 
At site I, it fluctuated from a minimum of 4.0 mg/1 in January, 2008, 
to a maximum of 15.0 mg/1 in the month of June, 2007. At site II, it 
varied from a minimum of 4.0 mg/1 in February, 2008 to a maximum 
of 18.0 mg/1 in the month of July, 2007 whereas, at site III, it ranged 
from a minimum of 4.0 mg/1 in the month of January, 2008 to a 
maximum of 16.0 mg/1 in the month of July, 2007. 
The presence of free CO2 may be attributed to the lower rate of 
photosynthesis and high rate of decomposition of organic matter. 
In present investigation higher concentration of carbondioxide 
was recorded during summer and lower in winter. The higher 
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concentration of carbon dioxide during summer is attributed to 
shallow depth, microbial decomposition and respiratory activities of 
aquatic plants and animals. However, carbon dioxide concentration 
was inversely propositional to the dissolved oxygen. Similar findings 
have also been reported by Welch (1952). Hutchinson (1957) and 
Wanganeo (1980). 
pH 
pH or Hydrogen ion concentration of natural waters is an important 
environment factor as it is suggestive of acid-base equilibrium 
achieved by various dissolved compounds. pH is generally considered 
as an index for suitability of environment and is one of the most 
important factor affecting productivity of a water body (Welch, 
1952). According to Bell (1971), pH range between 6.5 to 9.0 
provide an adequate environment for the well being of freshwater 
fish, bottom dwelling invertebrates and fish food organisms. pH 
between 6.5 and 9.0 supports good fishery (Ellis, 1937) and pH 
between 6.5 - 8.5 with large variations play a pivotal role in the 
productivity of water (Alikunhi, 1957). pH has a direct effect on fish 
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growth appetite and food coversica ratio as well as growth and 
survival offish food organisms (Das et al. 2«>01). 
Fluctuation in pH of all the three sites of the lake is given table 2 a, b 
& c. pH ranged from 7.5 to 8.9 at selected sites. At site I, it ranged 
from a minimum of 7.5 in the month of November 2007 to a 
maximum of 8.9 in July, 2007. At site II, it ranged from a mirumum 
of 7.6 in the month of January 2008 to a maximum 8.7 in the month 
of June and August 2007, whereas at site III, it ranged from a 
minimum of 7.7 in die month of February, 2008 to a maximum of 
8.9 in the month of June 2007. 
Alkaline pH at all the three sites under investigation, confirms the 
earlier reports that most of the freshwaters lakes in northern India 
showed allcaline pH range (Singhal ?^ ^ /. 1986). 
In the present study the reason for high pH during some months may 
be due to enhanced photosynthesis carried out by phytoplankton and 
aquatic macrophytes, thereby, removing free COj and resulting in the 
increase of bicarbonate alkalinity at all the sites, during the same 
process, bicarbonates are converted into CO3 and hence pH is raised. 
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Decrease in pH values during different mondis was probably due to 
the release of anaerobic water, affected by the decomposition of 
concentrated organic matter and respiration of biota. 
In the present investigation pH remained on alkaline range 
throughout the study period and did not show any remarkable 
variation at various selected sites, indicating that lake water is well 
buffered. The findings are in conformity with those of Edmondson 
and Hutchinson (1937), Zutshi (1968). 
The pl i showed negative correlation with water temperature, 
positive correlation with phytoplankton and negative correlation with 
CO2 at all the three selected sites. (Table 7) 
Alkalinity 
Alkalinity of water refers to the quality and quantity of 
compounds present, which collectively shift the pH to the alkaline 
side of neutrality (Wetzel, 1983). The concentration of these 
compound and the ratio of one to another determine the actual pH 
and buffering capacity of a given water. Alkalinity is due to 
bicarbonates, carbonates and hydroxides and less frequendy in inland 
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water by borate, silicates and phosphates (Wetzel, 1983). Alkalinity is 
very important for aquatic life in freshwater systems because it 
corrects pH changes that "^cur naturally as a result of photosynthetic 
activity of chlorophyll bearing plants. Spence (1964) divided south 
Scottish waterbodies into three major categories based on alkalinity: 
i. Nutrient poor with alkalinity ranging 1.0 to 15.0 mg/1. 
ii. Moderately rich with alkalinity ranging from 16.0 to 60.0mg/l, 
and 
iii. Nutrient rich with alkalinity greater than 60.0mg/l 
The range of alkalinity in Indian waters varied from 40.0 mg to 
lOOOmg/1 (Jliingran, 1991). Alkalinity is considered as a measure of 
productivity by some workers (Alikunhi, 1957). 
There are three kinds of alkalinity, hydroxides (OH), mon'^arbonates 
(CO3) and bicarbonates (HCO3). Normal carbonates alkalinity may 
be present with either hydroxides or bicarbonate alkalinity, but 
hydroxide and bicarbonate cannot be present together in the same 
sample (Thereoux et al 1943). There may be only one condition 
among given alkalinity condition in the sample: 
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i. Hydroxide alone ' 
ii. Hydroxides and normal carbonate 
iii. Normal carbonate alone 
iv. Normal carbonates and bicarbonates 
V. Bicarbonate alone 
The monthly variations in alkalinity content, at the investigated sites 
arc given in the table 2 a, b & c. It fluctuated from a minimum of 
78.0 mg/1 during month of July, 2007 to a maximum of 190.0 mg/1 
in the month of February, 2008 at the selected sites. At site I, 
alkalinity ranged from a minimum of 78.0 mg/1 during the month of 
July, 2007 to maximum of 179.0 mg/1 in December, 2007. At site II, 
it fluctuated from a minimum of 85.0 mg/1 during July, 2007 to a 
maximum value of 175.0 mg/1 in February, 2007, while at site III, it 
ranged from a minimum value of 86.0 mg/1 during the month of 
July, 2007 to a maximum of 190.0 mg/1 in the month of January, 
2008. 
In present study, the alkalinity was of bicarbonate type at all the three 
investigated sites. The total alkalinity was solely due to bicarbonates 
of calcium and magnesium as carbonates were absent. In general the 
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maximum alkalinity was recorded during the winter and Autumn in 
comparison to spring and summer. When total alkalinity is high, the 
bicarbonate system prevails and pH is usuiiUy on alkaline side (Preiser 
andFernado, 1966). 
The minimum values of bicarbonate Alkalinity during present study 
can be related to the absorption of bicarbonates by macrophytes in 
these seasons. 
Statistical Analysis was done between alkalinity and pH at aU the 
three sites and it was found positive in all cases (table 7, fig 8). 
Since the total alkalinity was always found greater than 60 mg/1 (table 
2, a, b & c) at all the selected sites, hence the lake can be considered 
as nutrient rich (Spence, 1964). 
Hardness 
The total hardness is not a specific constituent of water but is a 
variable and complex mixture of cations and anions and is 
predominandy contributed by calcium. Hardness of water is of two 
types: temporary hardness and permanent hardness. Temporary 
hardness is due to carbonates while permanent due to non-
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carbonates. Hardness prevent leather formation with soap and 
increases boiling point (Trivedy and Goel 1984). The anions mainly 
responsible for hardness are mainly bicarbonates, carbonates, 
sulphates, chlorides, nitrates and silicates etc. Multivalent metallic 
cations calcium (Ca"^ "^ ) and magnesium (Mg"^ "^ ) and sometimes Iron, 
Zinc, Manganese and Aluminium which are found in smaller 
amounts are also responsible for hardness of water. Andrews (1972) 
has classified waterbodies in the following maimer: 
i. Water having hardness from 0.0-60.0 mg/1 as soft, 
ii. Water having hardness from 61.0-120 mg/1 as moderately hard, 
iii. Water having hardness from 121-180.0 mg/1 (as very hard) 
Unni (1983) has suggested that total l^ardness can be used as 
indicator for classifying domestic pollution in water. Deshmukh et. al. 
(1964), Shastry et. al. (1970), Zutshi and Khan (1988) recorded 
hardness and concluded that it is subject to variations. 
Monthly variations in hardness at all the three sites are given in table 
(2 a, b & c). The total hardness showed wide fluctuation from 90-
210.0 mg/1 at all the investigated sites. 
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At site I, values of hardness fluctuated from minimum of 110.0 
mg/1 in the month of February, 2008 to a maximum of 210.0 mg/1 in 
the month of September 2007. Site II, showed minimum value of 
hardness as 105.0 mg/1 in the month of March, 2007 and maximum 
of 185.0 mg/1 in the month of September 2007. Site III showed 
minimum value of hardness as 90.0 mg/1 in the month of March, 
2007, to a maximum of 190.0 mg/1 in the month of October, 2007. 
In present investigation, total hardness depicted an irregular 
trend at all the three investigated sites. High values of hardness 
during some months might be attributed to high anthropogenic 
activities in and around the lake and inflowing of sewage water 
through its tributaries mainly, river Jhelum. Rai (1974) also related 
high values of hardness to the inflow of sewage effluents. 
Mohanta and Patra (2000) opined that addition of sewage, 
detergents and large scale human use might be the cause of elevation 
of total hardness. According to Kannon (1991) water with hardness 
values more than 180 mg/1 is very hard. The lake under investigation 
can be classified as hard on the basis of hardness classification given 
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by Andrews (1972) except for certain months when it Falls under the 
range of moderately hard waters. 
Hardness showed negative correlation with pH in at all the 
three sites of the lake (table 7). 
Ionic Composition 
Anions and cations form the ionic composition of water. The 
inorganic solids, when in solution, consists anions like carbonates, 
bicarbonates, chlorides, sulphates, silicates, phosphates, nitrates, 
nitrites etc. and cations like calcium, magnesium, iron, sodium 
potassium etc. These ions play a very important role in the life of an 
aquatic flora and fauna. These have been regarded as an index of 
productivity (Moyle, 1949; Northcote and Larkin, 1956). 
A great deal of literature exists on ionic composition of temperate 
waters. Important contributions are those of Birge and Juday (1911), 
Maucha (1932), Lohammer (1938), Zutshi et. al. (1980). 
According to Rodhe (1949) the freshwater lakes maintain a constant 
ionic composition i.e. Ca>Mg>Na>K and > HC03>S04 >C1. 
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Rodhe (1949) further pointed out that all lakes over the world tend 
to obey this general rule although regional and l°^al peculiarities, such 
as geo-chemical and climatic conditions, counter act and conceal this 
tendency and give the water a different ionic composition. 
Calcium 
Calcium (Ca) is one of the most abundant essential cation 
found in freshwater bodies. It triggers biological productivity (Ohle, 
1938). According to Vollenweider (1950), diatoms grow best with 
high calcium content. Calcium has also been recognised as an essential 
micronutrient for green algae, and as macronutrient for blue-green 
algae (Goldman, 1965). Chacko and Ganapati (1949) have stated a 
minimum of 650 mg/1 of calcium is essential for really good 
production in water bodies. Ohle (1934) considered lakes with less 
than 10 mg/1 of calcium as poor, with 10-25 mg/1 as medium and 
with more than 25 mg/1 as nutrient rich. 
Monthly variation in calcium content of all the three sites is given in 
table 2 a, b & c. At site I, the values of calcium fluctuated from a 
minimum of 23 mg/I in August, 2007 to maximum of 59 mg/1 in 
February 2008. Site II, showed a minimum value of 25.00 mg/1 
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during May, 2007 and maximum value of 54 mg/1 in January, 2008. 
At site III, the values of calcium varied from a minimum of 21 mg/1 
during May, 2007 to a maximum of 46 mg/1 in December, 2007. 
Calcium was the most dominant cation in the lake throughout the 
study period. However, calcium content of the lake was highest 
during winter and autumn in comparison to spring and summer 
months. 
The high calcium level during winter and autumn might be attributed 
to heavy input of sewage brought by river Jhelum and various other 
inflowing streams whereas the lower levels might be related to its 
utilization by plankton organisms and sedimentation. Since calcium 
content was predominant in the lake water having values well above 
25 mg/1 (excepting summer when it was close to 25 mg/1), the lake 
can be classified as "Calcium rich after Ohle (1934)". These findings 
are in agreement with many authors Zutshi and Khan, 1978 and 
Zutshi and et al. 1972. Zutshi, 1968; Trisal, 1977; Pandit, 1999 also 
categorised lake water of Kashmir as "Calcium rich". The calcium rich 
waters are opined to owe their origin to lacustrine deposits in the 
vaUey {Zxixshi et al. 1980, Pandit, 1999). 
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Statistically calcium showed negative correlation with 
cyanophyceue at all the throe selected sites of the lake (table 7). 
Magnesium 
Magnesium is an essential nutrient required universally by 
chlorophyllus plants for the magnesiui-'i porphyrin component of 
chlorophyll molecule. According to Wetzel (1975), magnesium is 
required by both micro and macro green Algae to build its 
chlorophyll. It is also required in enzymatic transformation, especially 
transphosphorylations of Algae, fungi and bacteria (Wetzel, 1983). 
The depletion of magnesium acts as a limiting factor for growth of 
phytoplankton and reduce the number of phytoplankton (Kaushik 
and Saksena, 1999). Magnesium reaches the water body through 
Surface run-off, decomposition of protein and excreta of aquatic 
animals, and utilized by autotrophs where from it is transferred to 
higher trophic levels. According to Welch (1952), magnesium is 
usually found in combination with C03 and HC03 and sometimes 
with sulphates and clilorides. 
Monthly variation of magnesium is given in table 2 a, b & c. At site I, 
magnesium content ranged from a minimum of 4.50 mg/1 in April, 
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2007 to a maximum of 25.0 mg/1 in January 2008. At site II, the 
values of calcium fluctuated from a minimum of 7.0 mg/1 in April, 
2007 to a maximum of 22.0 mg/1 in December 2007. Site III, 
showed minimum of 8.50 mg/1 during March, 2007 and maximum 
value 22.50 mg/1 in February, 2008. 
In present investigation, the maximum concentration was 
recorded in winter while minimum concentration in spring. The low 
values of magnesium may be due to its uptake by aquatic vegetation 
for the formation of chlorophyll magnesium porphyrin complex and 
its role in the enzymatic transformation (Wetzel, 1983). In general, a 
ratio of 2.5:1.0 was recorded between calcium and magnesium, 
thereby confirming the 3:1 ratio for Ca"*""^  and Mg^ "^ , for other water 
bodies of Kashmir (Kaul et at. 1978; Zutshi et al. 1980; Pandit, 
1999). 
Statistically magnesium showed negative correlation with 
cyanophyceae at all the three selected sites of the lake (table 7). 
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Chloride 
Natural waters contain low chloride than bicarbonates and sulphates. 
Large content of chloride in freshwater is an indicadon of organic 
pollution (Ganpati, 1960). Sarkar and Rai (1964) have reported that 
chloride is not used in plant growth but, accumulated in large 
amounts due to input of pollution load. According to Hynes (1963), 
increased concentration of chloride is always regarded as an indication 
of eutrophication. Chloride is not a dominant anion found in open 
lake systems: Lakes and ponds usually receive significant input of 
chloride from atmospheric transport, refleux, leachates, discharge of 
effluents from chemical industries, irrigation drainage and sewage 
discharge (Vijay Kumar ?^ ^ /. 1999). 
Monthly variation of chloride concentration of all the three sites 
of the lake is given in the table 2 a, b & c. 
Site I, showed minimum values of chloride 10.0 mg/1 in the 
month of April, 2007 and maximum 32.50 mg/1 in the month of 
July, 2007. Values of chloride concentration at site II, fluctuated from 
a minimum of 11.0 mg/1 in the month of May, 2007 to a maximum 
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of 38.0 mg/I in the month of July 2007, whereas site III showed 
minimum value of chloride 12.0 mg/1 in the month of February, 
2008 and maximum 46.0 mg/1 in the month of August, 2007. 
In present investigation, increased chloride values during 
summser and autumn months were found to be mainly due to 
evaporation due to high ambient temperature and maximum human 
activities. Similar results have also been reported by Chourasia and 
Adoni (1985). Lower values recorded at all the three sites can be 
attributed to sendimentation and human disturbances (Kant and 
Raina, 1990). 
In present investigation, fairly high concentration of chloride 
content, throughout the investigation period indicate the presence of 
large amount of organic matter of both allocthonous and 
autocthonous origin. 
According to Thresh et al. (1944) high chloride concentration 
of water is indicative of organic pollution of Animal original. Pandit 
(1999) also related the high chloride content of the Kashmir lakes to 
the presence of large amount of organic matter of both allocthounous 
and autocthnous origin. 
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Dissolved Nutrients 
Nutrients have been, and continue to be, targeted for research 
and management in the Bays, rivers and lakes. Such research have 
largely focused on the inputs of these nutrients from external sources, 
such as river flow^ sewage, subterranean water and surface run-off, as 
these are considered be the entities for plaktonic growth (Bronk et al. 
1998). The load of nutrients in aquatic ecosystem has greatiy 
increased with time through human activities (GDlney, 2000). 
According to Wetzel (1983), microphytes are reservoir of nutrients. 
The importance of various nutrients, such as nitrogen, 
phosphorus and silicates, has long been recognized and their action 
on biological activities of the ponds, and lakes have been discussed in 
detail by Hutchinson (1975), Zutshi and Vass (1978), Yousuf ?^ al. 
(1986), Kumar (2002), Hosetti 2002. Increased nutrient loading 
may have detrimental effect on the health of freshwater ecosystem 
leading to excess accumulation of algal biomass, aquatic macrophytes 
and depletion of D.O. in water. 
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Of the dissolved nutrients phosphorus and nitrogen have been 
accepted as the most important factors that trigger eutorphication, 
Shannon and Brezonik (1972) reported that lake trophic status is 
largely dependent on the gross supply of nitrogen and pljDsphorus to 
>, .,,an^ *''»<• ^,>V 
the system. / f o ^ W \ >. 
Phosphate-Phosphorus \ v 
Phosphorus, necessary for fertility of lakes, is generally 
recognized as key nutrient limiting the productivity in waters. 
Phosphorus occurs in natural waters solely as phosphates, which play 
an important role in algal population and sometimes act as a primary 
limiting factor in lentic waters (Schindler, 1971). It plays a pivotal 
lole in die productivity of water bodies (Metzger and Boyd, 1980). 
Phosphorus is a primary nutrient for aquatic plant growth and is a 
major cause of eutrophication in river lakes, ponds and streams 
(McLaughlin and Brindle 2001). Vollenweider (1972) regarded 
phosphorus as a key element in the process of eutrophication. 
Schindler et al. (1971) believed phosphours to be a nutrient 
frequendy controlling eutrophication. Increased application of 
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fertilizers and use of detergents and domestic sewage play an 
important role in contributing heavy loading of phosphorus. 
Hutchinson (1957) reported the increase of phosphorus as a result of 
sewage contamination. The amount phosphorus found in a 
waterbody is governed by the external sources like surface run-off, 
atmospheric input, ground water and internal processes like 
phytoplankton uptake, sediment release and recycling by heterotrophs 
(Hutchinson, 1975). 
The PO4-P concentration of all the three sites during the study 
period is given in table 3. 
In the present study, phosphate-phosphorus, showed seasonal 
variation at all the three sites. Its concentration ranged from 88 yag/l 
to 203 Atg/1 during the course study. Site I, showed the minimum 
value of 88 /xg/1 during the month of December, 2007 and maximum 
of value of 195 /xg/1 during the month of August, 2007. Site II, 
showed variation from 96 fig/l during December, 2007 to 198 /i.g/1 in 
the month of April, 2007. Site III, showed variation from 103 jug/l 
during the month of December, 2007 to 203 /xg/l during the month 
of August, 2007. 
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In present study, the major supply of phosphorus in this 
waterbody come from agricultural areas, incoming domestic sewage, 
brought by river Jhelum and other inflowing streams and animal 
excreta. The higher values of phosphorus during summer were 
attributed to high rate of evaporation and decrease in water level 
leading to increase in concentration. It could also be related to 
decomposition of nutrients at high temperature during summer. 
(Chaourasia and Adoni, 1985), Kant and Raina (1990) and Prasad 
(1990) have also reported higher concentration during summer 
months and have given similar reasons. The higher values of 
phosphorus in summer can also be attributed to increased 
anthropogenic pressure in and around the lake. 
Low phosphate values recorded during winter months and 
some other months might be due to several factors such as utilization 
by macrophytes and algae for their growth and sedimentation in the 
form of ferric complexes in bottom soil. 
Correlation between phosphate-phosphorus and phytoplankton 
was carried out at all the three sites of the lake and has been found to 
be negative at site I and III and positive at site II. (Table 7, Fig 9). 
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Nitrate-Nitrogen 
Nitrogen is an important factor in and aquatic ecosystem 
because it plays a key role in the synthesis and maintenance of 
proteins and, therefore, productivity of water. Thresh, et al. (1944) 
have attributed, the nitrogen richness of a fresh water body to the 
pollution of animal origin. According to Mc. Caull and Crossland 
(1974) the most important factors responsible for eutrophication of 
freshwater likes are phosphorus (PO4-P) and Nitrogen (NO3-N). 
Nitrogen and phosphorus can be considered as two of the major 
elements limiting primary production. 
The major sources of nitrogen input to any waterbody are both 
and autogenic (decomposition of organic matter and nitrogen 
fixation by certain blue-green algae or bacteria) and allogenic 
(atmospheric nitrogen, diffusion, precipitition, surface run-off and 
drainage). 
The oxidized form of inorganic nitrogen is nitrate-nitrogen, 
which is one of the major nutrients necessary for the formation of 
chlorophyll (Rodhe, 1948). Nitrate is one of the most stable form of 
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nitrogen, which enhances the growth of plankton, their density and 
primary production (Parida et. al 1999). Unpolluted freshwater 
bodies have low values of nitrate-nitrogen (NO3-N) than polluted 
freshwater. Reid (1961) and Liken (1975) described a lake as 
eutrophic when its total nitrogen content exceeds from 1.5 mg/1. 
The monthly variation in the NO3-N are given in table 3. Site I 
showed the minimum of 186 jag/1 in December, 2007 and maximum 
of 315 )U,g/l in July, 2007. Site II, showed variation from 182 fxgjl in 
February, 2008 to 315 /xg/1 in August, 2007 whereas site III showed 
the minimum value 168 /xg/l in February, 2008 and maximum value 
of 338 /xg/1 in August, 2007. 
In present investigation, the higher values of NO3-N during 
summer and autumn might be attributed to increased rate of 
decomposition of organic matter at high temperature and entry of 
nitrogen fertilizers from the catchment areas besides input of faecal 
matter. The higher values during the investigation period could also 
be attributed to the slow nitrification process as NO3-N is the end 
product of nitrification. 
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The higher values during spring and summer is also on account of 
increase in the anthrophogenic pressure by way of agricultural 
intensification in the paddy fields which like close to the lake. 
Correlation between Nitrate-Nitrogen and phytoplankton was 
carried at all three sites of the lake and has been found to be negative 
(Table 7, Fig. 10). Sarwar (1999) have reported positive correlation 
between the variable in Kashmir lakes. 
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BIOLOGICAL CHARACTERISTICS 
All natural waters contain a variety of organisms, both plants 
and animals as natural fauna and flora (Kumar and Gupta, 2002). 
Biological organisms are diagnostic in determining the health of an 
aquatic ecosystem (Loeb, 1994). Any alteration in physico-chemical 
conditions of an ecosystem is reflected by changes in community 
structure and function. Pollution brings many biological changes and 
its impact is on living organisms. Hence, chemical and biological 
approaches are complementary and it is appropriate to detect and 
assess impacts through an examination of biota. 
Plankton community is a heterogeneous group of tiny plants 
(phytoplankton) and animals (zooplankton) adopted to suspension in 
any water body. Their intrinsic movements, if any, are so feeble that 
they remain essentially at the mercy of water movements. According 
to Cole (1952), plankton is a mixed group of tiny plants and animals 
floating or feebly swimming in the water mass. In general, plankton is 
a kaleidoscopic spectrum of organisms with representatives from 
almost all phyla of animals and thousands of non-flowering plants 
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(algae and bacteria) all drift around rubbing their shoulders as a 
plankton community. 
All water are known to be characterized by quantitative and 
qualitative fluctuation in plankton population as these organisms vary 
qualitatively and quantitatively with depth, size, time and season. 
These organisms also differ according to source of water, its organic 
and inorganic contents and geological and climatic factors (Chaurasia 
and Adoni, 1985). 
Studies on the ecology of plankton of any water body are very useful 
to know its general economy and to understand the basic nature of a 
given water body. The occurance and distribution coupled with the 
environmental requirements make the plankton species as indicators 
of Trophic status of a water body (Lund, 1962; Padas, 1972; Kaul et 
d. 1978; Kaul and Pandit 1979,1981). 
The species assemblage of phytoplankton and zooplankton are 
also useful in assessing the water quality. Because of their short life 
span, plankton respond quickly to environmental factors and hence 
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their standing crop and species composition are more likely to 
indicate the quality of watermass in which they live. 
Phytoplankton 
Investigations carried over past fifty years have shown that the 
phytoplankton communities in water are not haphazard assemblages 
but they are organized structures and their response to ecological 
factors is often definite. Phytoplankton fix solar energy by the process 
of photosynthesis, assimilating carbon dioxide to produce 
carbohydrates (Saha et al. 2000), thus are regarded as primary 
producers of any aquatic ecosystem (Wetzel, 1975). Phytoplankton as 
a parameter has great importance from ecological point of view 
(Kumar and Gupta, 2002). Some species flourish in high eutrophic 
waters, while others are very sensitive to organic and chemical loads. 
Some develop noxious chemical loads blooms, sometimes creating 
offensive tastes and odour or anoxic or toxic conditions resulting in 
animal death or human illness to those who consume them (Hosetti, 
2002). 
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Different groups of phytoplankton prefer different kinds of 
water bodies. For instance, diatoms prefer clean waterbodies whereas 
chlorophyceac, cyanopiiyceac and euglenophyceae prefer enriched 
water having high load of organic pollution. Kaul (1977), Zutshi and 
Khan (1977) and Singhal et d. (1986) have shown that 
eutrophication, primary productivity, sewage disposal increased 
human interference, industrial wastes and sewage result in a number 
of changes in floristic composition of phytoplankton population. 
Occurance of seasonal qualitative and q'lantitative fluctuations in 
phytoplankton populations in temperate as well as tropical climates is 
a common phenomenon. Certain plankton population apparendy 
disappear at specified period and reappear during others. Such 
temporary disappearances may be due to the fact that the species 
concerned either become too scarce or occur as spores, resting Qgg 
etc, which can not be easily detected. But on approach of favourable 
conditions, they reappear. This shows their preference to climatic 
conditions. 
Monthly variation in phytoplankton of three sites are given in 
table 4 a, b & c, and monthly percent contribution of different groups 
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is depicted in fig 1 a, b & c. The seasonal fluctuation in 
phytoplanlcton are given in table 6 (fig. 3). In present investigation, 
phytoplankton comprise four major groups, namely Bacillariophyceae 
(diatoms), Chlorophyceae (green algae), Cyanophyceae (blue-green 
algae) and Euglenophyceae (euglenoidea). Their order of abundance 
was: 
Bacillariophyceae > Chlorophyceae > Cyanophyceae > Euglenophyceae. 
At site I, the total number of phytoplankton varied from a 
minimum of 115 No ./ml in November, 2007 to a maximum 510 
No./ml in May, 2007, at site 11, from a minimum of 122 No./ml in 
October, 2007 to a maximum of 423 No./ml in January, 2008 and at 
site 111 from minimum of 99 No./ml in November 2007 to a 
maximum of 482 in January, 2008. 
In the present study, the total phytoplankton population 
depicted bimodal peak (spring and winter). The findings are in fuU 
agreement with the findings of Raina (1981) who recorded bimodal 
peak of phytoplankton in Bod Sar lake of Kashmir. 
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Kant and Kachroo (1977) reported maximum phytoplankton 
density in autumn in Dal lake and Nagin lake of Kashmir. Wanganeo 
et al. (2004) reported a large peak in the lakes situated at 494 m.a.s.l 
during monsoon period which could be attributed to high nutrient 
influx from its catchment area. Khan (1978) recorded unimodal 
behaviour of phytoplankton in Naranbagh lake in Kashmir. 
Stastically phytoplankton showed positive correlation with 
zooplankton at site I and II negative at site HI (table 7, fig II), 
positive wit! pH (table 7) and negative correlation with NO3-N at all 
the three selected sites of the lake (table 7). 
Bacillariophyceae (Diatoms): The diatoms, the most important 
members of the freshwater phytopLnkton, are nearly always present 
in significant numbers and it must be emphasized that most genera 
are planktonic and occur in benthic and littoral regions often in 
majority. The have been divided into centric and pinnate diatoms on 
the basis of their symmetry and structure (Hutchinson, 1967). 
They have been suggested to enhance the transfer of energy to 
higher trophic levels (Doerring et al. 1989). Growdi of diatoms 
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depends upon the presence of dissolved silicates, contrary to non-
diatom species, which dominate when dissolved silicates are low 
{Coln^yetd. 1993). Lind (1938) and Zntshietal (1984) suggested 
nitrates to be the main factor controlling the periodicity of diatoms 
whereas Rao (1955), did not find any correlation between the two. 
Khan (1985), believed that diatom populations are well dependent on 
silicate content of water and two have positive correlation. Since 
diatom abundance in partly is determined by available dissolved siUca, 
the presence and absence of diatoms may have a significant impact on 
the food web and trophic structure of the aquatic ecosystem (Colney 
et al. 1993). According to Dickman (1975), Cymbella spp., Fra^ilaria 
capucina and Synedra ulna are common species of organically polluted 
water. 
At site I, the population density of bacillariophyceae varied from a 
minimum of 16 No./ml in the month of July 2007 to a maximum of 
394 No./ml in the month of January 2008. At site II, it fluctuated 
from a minimum of 22 No./ml in the month of August, 2007 to a 
maximum of 373 No./ml in Januaiy 2008 whereas at site III, it varied 
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from a minimum of 32 No./l in the month of June, 2007 to a 
maximum of 417 in January, 2008 (table 4 a, b & c). 
The most dominant species in terms of population density were 
Amphora spp. 26 No./ml at site I, 99 No./ml at site 11 and 87 No./ml 
at site n i , Cycbtella spp. 82 No./ml at site I, 107 No./ml at site II and 
81 No./ml at site III, Epithemia spp. 78 No./ml at site I, 98 No./ml at 
site II and 114 No./ml at site III, Fra^ihria spp. 61 No./ml at site I, 
63 No./ml at site 11 and 87 No./ml at site III, Gomphonema spp. 76 
No./ml at site I, 105 at site second and 114 No./ml at site III, 
Longissima elongatum 66 No./ml at site I, 79 No./ml at site II and 107 
at site III, Meridion spp. 73 No./ml at site I, 76 No./ml at site II and 
68 No./l at site III, Navicula spp. 118 No./ml at site I, 179 No./ml at 
site II and 174 No./ml at site III, Nitzchia spp. 59 No./ml at site I, 
103 No./ml at site II and 82 No./ml at site III. 
Dominance of bacillariophyceae among phytoplankton substantiates 
the findings of Zutshi (1991) who recorded maximum number of 
diatoms species from the high altitude of the Himalayan region. The 
findings also agree the results shown by Majid and Sarwar (1996) 
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who recorded more than 53 diatoms from Wular lake. The 
representing members of ttiis group are listed in table 4 a, b & c. 
The abundance of bacillariophyceae population in winter at all 
the three investigated sites is due to the fact that they are able to grow 
under conditions of weak light and low temperature which are less 
suitable for other algae. This in full agreement with findings of Lund 
(1965) andMunawar (1974). 
Bacillariophyceae depicted negative correlation with water 
temperature at all the three selected sites of the lake (table 7). 
Chlorophyceae: Chlorophyceae is an extremely large and 
morphologically diverse group of algae, and is almost fresh water in 
distribution (Wetzel, 1983). About 8000 freshwater species 
constitute chlorophyceae (Hutchinson, 1967). An alkaline medium 
favours optimal growdi of chlorophyceae (Philipose, 1960; 
Munawar, 1970a). The ability of chlorophycea algae to withstand 
against the pollution load has been reported by palmer (1969) and 
Jh^etal. (1989). 
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In temperate regions, high temperature and bright sunshine have 
been reported as favorable factors for the growth and development of 
green algae (Macombie, 1953; Davis, 1954). Zafar (1967), Munawar 
(1974) have also regarded temperature as an important factor in the 
periodicity of chlorophyceae. 
The monthly variation of chlorophyceae of the all three sites is given 
in the table 4 a, b and c. 
In the present investigation, this group formed the second most 
dominant group of phytoplankton. The number of chlorophyceae 
were found to vary from a minimum of 21 No ./ml in June, 2007 to a 
maximum of 326 No./ml in May, 2007 at site I. At site II, it varied 
from a minimum of 15 No./l in February, 2008 to a maximum of 
191 No./ml in May, 2007 whereas site III showed minimum of 25 
No./ml during December, 2007 and February 2008 to a maximum of 
222 No./ml in May 2007. 
The most dominant species in terms of population density were 
Chhrelh spp. 122 No./ml at site I, 56 No./ml at site II and 78 No./ml 
at site III, Pediastrum spp. 110 No./ml at site I, 92 No./ml at site II 
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and 111 No./ml at site III, Scenedesmus spp. 55 No./ml at site 1, 61 
No./ml at site II and 65 No./ml at site III, Sdenastrum spp. 69 No./ml 
at site I, 95 No./ml at site II and 85 No./ml at site III Spiro£fyra spp. 
92 No./ml at site I, 83 No./ml at site II and 74 No./ml at site III, and 
Volvox spp. 99 No./ml at site I, 69 No./ml at site II and 75 No./ml at 
site III. 
In present investigation, Chlorophyceae depicted peak values in 
spring at all the three sites during the period of investigates which can 
be related to the increase in the temperature. Chlorophyceaen peak in 
spring can also be attributed to in increased phosphorus and nitrate 
concentration which is the result of intensified agricultural practices, 
spring shower and the surface run-off from the catchment area. 
Kant and Kachroo (1973, 74, 77), reported a single chlorophycean 
peak in summer in Dal lake, where same authors (1977) reported 
two peaks of chlrophyceae in Naranbagh and Trigam lakes of 
Kashmir. 
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The cholorohycean dominance, in present investigation, can be 
attributed to Eutrophication of the lake. This is in full agreement with 
the findings of Saify et al. (1986). 
Chlorophyceae depicted positive correlation with water temperature 
(table 7). 
Cyanophyceae (Blue-green Algae): Cyanophyceae is also called 
myxophyceae and form an important phytoplanktonic group. 
Cyanophyceae is worldwide in distribution and majority of species are 
cosmopolitan (both in static and running waters). The blue green 
algae or cyanophyceae have been among the most studied of all algal 
groups. It is a primitive group which is prokaryotic in cell structure 
like the Bacteria (Wetzel, 1983). They are more efficient in utilizing 
CO2 at high pH level and low light availability under eutrophic 
conditions (Shapiro, 1973, 1990) and, thus, their abundance 
indicates the eutrophic nature of water body (Lin, 1972). They are 
good photosynthesizers and replenish the water with oxygen. Some 
can develop nuisance bloom in response to nutrient enrichment or 
eutrophication (Smith et al. 1987). This nuisance grow± of blue 
green-algae can cause O2 depletion after decomposition during 
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unfavourable conditions, Idlling many oraganisms inhabiting the 
water body. Some species play an important role in nutrition and 
growth of fishes whereas other members of this group have gain 
recognition for producing potentially lethal toxins. 
In the present study Myxophyceae constituted the third dominant 
group of phytoplankton. The monthly variation in myxophyceae is 
given in tabic 4 a, b & c. 
At site I, the minimum 6 No ./ml of Myxophyceae was found in 
March, 2007 and maximum 110 No./ml in July, 2007. Site II 
showed die minimum of 8 No./ml Myxophyceae in April, 2007 and 
maximum 103 No./ml in August, 2007 whereas at site III, it ranged 
from minimum of 9 No./ml in February, 2008 to maximum of 115 
No./ml in July 2007. 
Oscillatoria spp. with population density of 119 No./ml at site I, 122 
No./ml at site II and 88 No./ml at site III was most dominant spp. at 
all the three selected sites. 
The calcium content is possibly one of the faaors for highest 
development of cyanophyceae. Munawar, 1970). Pandit (1980) 
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reported that the freshwater bodies of Kashmir, rich in calcium and 
magnesium, have thick population of plankton, especially 
cyanophyccac. 
In the present study sufficient amount of calcium and 
magnesium were always present to support myxophyceae throughout 
the study. 
In present investigation cyanophyceae attained maximum dominance 
during summer (unimodal summer peak) at all the three selected sites 
thereby indicating a strong influence of temperature on this group. 
Lund (196f)) also recorded the abundance of cyanophyceae in 
summer and autumn. However, increased phosphate concentration 
during summer due to the intensified agricultural activities, release of 
phosphorus from the sediments and addition of waste water 
containing phosphates added by the inflo^ '^'ng water bodies might be 
possible cause for maximum population of cyanophyceae in summer. 
Statistically cyanophyceae showed positive correlation with water 
temperature at all three selected sites of the lake (table 7). 
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The presence of Merisniopedia spp., Microcytis spp. and Oscillatoria spp. 
at all the three sites in present investigation indicate the eutrophic 
nature of this lake. 
Euglenophyceae: Euglenoid algae from ix relatively large and diverse 
group but few species are truly planktonic (Wetzel, 1983). Almost all 
the Euglenoids are unicellular, lack a distinct cell wall and possess 
one, two or three flagella (Wetzel, 1983). They are facultative 
heterotrophic and generally abundant in waters rich in organic 
matter. The ecological distribution of euglenoids has been studied by 
Rao (1955), Munawar (1970) and Hosmani (2002). 
Most bloom-forming euglenoids are represented in smaller 
water bodies while larger water bodies, like large lakes showed a poor 
representation (Hosmani, 2002). The presence of invariable 
population cf euglena and phacus indicate the eutrophic nature of the 
waterbody. The author suggests that Euglenoids are closely associated 
with oxygen-iron complex in view of the fact that sewage pond 
exhibits higher average concentration of carbon dioxide and 
phosphates, with persistant deficiency of oxygen (Munawar, 1970a). 
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The monthly variations in eugienopiiycae are given in table (4 a, b & 
c). 
In the present study, Euglenoids are represented by only two 
genera, Eugknci ascus and Phacus spp. The number of Euglenophyceae 
were found to vaiy from a minimmn of 6 No./ml in December, 2007 
to a maximum of 36 No./ml in May, 2007 at site I. At site II, it 
varied from a minimum of 3 No./ml in December, 2007 to a 
maximum of 33 No./ml in April, 2007, whereas site IE showed 
minimum of 13 No./ml during December, 2007 to a maximum of 35 
No./ml in April, 2007. 
In present study eugleninae starts emerging in winter and 
showed peak development in spring. The peak development of 
euglenophyceae in present investigation seem to be related to the 
temperature in addition to level of organic matter. 
Euglenophycae showed negative correlation with water temperature 
all ± e three selected site of the lake (table 7). 
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Zooplankton: 
Biological organism are diagnostic in determining the health of an 
aquatic ecosystem (Loeb, 1944), because they are the fundamental 
sensors responding to stress affecting these biotopes. Any stress 
imposed on these environs manifests its impact on inhabitant 
communities and results in restructuring of originally present biotic 
components. Zooplankton represent an important link in an aquatic 
food chain and contribute significandy to seconckty^p^l^^on^ 
freshwater ecosystems, (Sharma, 1998). ' ^ 3 ^ 
Zooplanktons are small organisms that float freely^n water column^of • 
lakes, ponds, rivers and oceans and vary in size from ultra to macro-
zooplankton. Reice and Wohlenberg (1993) have pointed out the 
state of an aquatic ecosystem can not be truely understood without 
the knowledge of zooplankton due to its important role in food 
chain. Zooplanktons form an important source of food for higher 
trophic levels in freshwater ecosystem for several species of 
planktivorous fish, small sized fish, predatory copepods and many 
other including crustacean species. By virtue of their role in 
converting phytoplankton into food (second link in the aquatic food 
77 
chain), suitable for fish and aquatic mammals of economic value to 
man, they are of great importance in fisheries research. 
Thus, zooplankton play an important role as a indicator of trophic 
conditions in both cold temperate and the warm tropical waters 
(Sharma, 1988; Gannon and Stemberger, 1978). 
Important contribution on zooplankton are those of Edmondson 
(1959), Gulati (1978), Sladecek (1983), Sharma and Sharma (1999), 
Sharma (20()la&b), Sharma and Lyngdoh (2004) etc. 
In the zooplankton community of an ecosystem, the main role is 
played by only few occurring species (Anderson, 1971; Patalas, 
1972). Yousuf et. d. (1983) found that 35.5% of the total 
community were contributed by only four species in some freshwater 
lakes and ponds of Kashmir. Generally, temperature and food supply 
have been found to govern the population dynamics of zooplankton 
species particularly in temperate region (Hazelwood and Parker, 
1961; Vijveberg and Richter, 1982). 
Planktonic organisms vary quantitatively and quantatively with the 
depth, site, time and the season of collection (Chourasia and Adoni, 
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1985). In the present study zooplanlctons comprised of three major 
groups namely Rotifera, Cladocera, Copepoda and Nauplii larvae. 
The monthly variation in zooplankton population and their total 
population density at all the three sites are given in table 5, a, b & c, 
and monthly percent contribution of different zooplankton groups is 
depicted in fig 2 a, b & c. The seasonal fluctuation in zooplankton are 
given in table 6 (fig. 3). 
The order of abundance of zooplankton recorded at all the three sites 
of the lake is as under: 
Rotifera> Cladocera> copepod>Nauplii larvae. 
The overall zooplankton population fluctuated from a minimum of 
181 No./l in September (2007) to a maximum of 1145 No./l in the 
month of July 2007 at site I. At site II, it varied from a minimum 311 
No./l in October, 2007 to a maximum of ?20 No./l in the month of 
July, 2007 v^ h^ereas at site III, it ranged from a minimum of 215 
No./l in September, 2007 to a maximum of 955 No./l in August 
2007. The over all zooplankton population was high at site I. (8173 
No./l) and lowest at site III (6687 No./l). 
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The correlation between phytoplanlcton and zooplankton was found 
to be positive at site I and II and negative at site III (table 7, fig 11). 
Zooplankton at a time is the result of complex variation in numerous 
factors like quality and quantity of available food, predation pressure 
by plantophagous species, environmental conditions and the trophic 
status of the water body. Changes in the zooplankton species 
composition have often been used as indication of eutrophication of 
freshwaters. Although Green (1976) reported the largest standing 
crop of zooplankton for shallow waterbodies having higher supply of 
nutrient level, yet temperature has been opined to be one of the most 
important physical factor controlling the quality of zooplankton 
population (Yousuf et al. 1986). Kofoid (1903) and Yousuf et al. 
(1986) observed that in colder months less population is produced 
than in warmer months. 
In present study highest densities of zooplankton were recorded 
during spring-summer, which can be related to rise in temperature. 
The presence of eutrophic forms like keratella sp., Brachionus sp. 
Monostyla sp., Asplanchna priodenta, Lecane sp., Bosmina lonprostris, 
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Chydorus sp., Alona sp., indicate the eutrophication of the lake 
understudy. Tiiis is in agreements with the findings of Pejler, 1964, 
Patalas and Patalas 1972, Anderson, 1974, Pandit 1980, 1998; and 
Pandit and Kaul, 1981. 
Rotifera: It is one of the oldest groups and minor phylum of 
invertebrates. These are commonly termed as "wheel animalcules" 
because of their characteristic wheel organ or 'Corona' that bear close 
resemblance to a pair of revolving wheels (Edmondson, 1959). These 
interesting micro-invertebrates have been presumed to be a product 
of the anaerobic phase in the development of our planet (Sladecek, 
1983). 
Rotifers occur in an endless variet)' of aquatic and semi-aquatic 
habitats, including the limnetic and deepest regions of the largest 
lakes and smallest puddles. According to Pennak (1978), if we were 
to designate a single major taxonomic category that is most 
characteristic of freshwaters, it could only rotatoria. Rotifers serve as 
an essential food source for vertebrates and invertebrate predators 
(Herzig, 1987). They also serve as valuable indicators of trophic 
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condition of water (Sladecek, 1983) and appear to be more sensitive 
indices of changes in water quality. 
Singh and Sahai (1978) recorded numerical superiority of rotifers 
over copepcds and other plankton groups. Rotifers have been found 
to have highest intrinsic rates of natural increase among the 
zooplankton groups by many workers (Edmondson & Hutchinson, 
1934; Allen; 1970; Vass and et al. 1982). Pejlar (1946) and Padas 
and Padas (1966) considered species lik'" Brachionus spp, Trichocera 
spp. Anuraeopsis fissa, IQratella cochlearis as the species of eutrophic 
nature. 
In the present investigation, rotifers formed the most abundant 
groups of zooplanktons at all the diree selected sites. The variation in 
the population density of rotifera is given in the table 5 a, b & c. 
At site I, they ranged from a minimum of 99 No./l in the month of 
September, 2007 to a maximum of 831 No./l in August, 2007. At 
site II, they ranged from the minimum of 63 No./l in the month of 
October, 2007, to a maximum of 690 No./l in July, 2007 while it 
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varied from a minimum of 70 No./l in September, 2007 to a 
maximum of 675 No./l in August, 2007. 
The most dominant species in peak season in terms of total 
population density were Anuraeopsis fissa, (392 no./l at site I, 177 
No./l at site II and 288 No./l at site III), Ascomorpha spp. (258 No./l 
at site I, 228 No./l at site II and 241 No./L at Site III), Filinia 
longiseta (291 No./l at site I, 277 No./l at site 11 and 220 No./l at site 
III), Kxratella cochlearis (494 No./l at site I, 482 No./l at site II and 
278 No./l at site III, Monostyla bulla (257 No./l at site I, 363 No./l at 
site II and 241 No./l at site III) and Folyarthra vulgaris (390 No./l at 
site I, 327 No./L at site II, and 219 No./l at site III). 
Rotifera as a group showed peak values in summer (unimodal 
summer peak) at all the three selected sites of the lake. The most of 
the dominant species like AspUmchna priodenta, Brachionus spp.., 
Keratella cochlearis, Anuraeopsis fissa, Filina longiseta etc. have been 
considered to be eutrophic species (Pejlar, 1964; and Hutchinson, 
1967). 
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An over all dominance of rotifer in present study indicates that 
the lake is under the influence of eutrophication. The high population 
density of rotifer in summer could be attributed to the high 
temperature and wide distribution. The dominance of rotifera could 
also be attributed to selective predation by planktivorous fish, thereby 
resulting in shifting of zooplankton with dominance of rotifers. The 
results are in conformity with the findings of Brooks and Dodson 
(1965), and Kundangar and Zutshi (1985). 
The correlation of rotifer was found to be positive with water 
temperature at all the three selected sites of the lake (table 7). 
Cladocera: Cladocera comprise a group of primitive crustaceans to 
which the general name of 'Entomostraca' was formerly applied. The 
members of this group are also commonly termed as Svater-fleas' 
because of their characteristic 'Jerk/ swimming action of locomotion 
(Dodson and Frey, 1991). Although the cladocerans were invariably 
treated as distinct order under the Branchiopoda during their nearly 
three-century old taxonomic history, recent developments during the 
last couple of decades raised question regarding the phylogenetic 
relationships and the composition of Branchiopods (Dodson and Frey 
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1991) in general and the classification of this group in particular. The 
status of Cladocera is, therefore, controversial. Based on traditional 
morphological analysis, cladocera is now regarded as an 'artificial 
group' representing four orders of Branchiopoda, namely ctenopoda, 
Anomopoda, onychopoda and Haplopoda (Korovhinsky, 2000). This 
group is even incorporated in different sub-classes of crustaceae 
(Starobogator, 1986; Fr)'er, 1987). 
Planktonic cladocerans in general, are capable of hundred-fold 
variation in population size, with peak abundance generally 
coinciding with periods of algal bloom. Gulati (1978) stated that if 
the food supply is high or increasing for a stretch of time, cladocera 
usually build up high number and biomass to dominate lake 
zooplanlcton. Cladocera have also been reported to be reliable 
indicators of eutrophic nature of waterbodies (Sinha and Khan, 1998; 
Sharma, 2001). The importance of cladocera in the trophic dynamics 
of freshwater ecosystem, being the main component of zooplankton, 
has long been recognized (Sinha and Khan, 1998). 
The variations in population density of dadecora is given in table 5 a, 
b & c . 
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In the present study the cladocera were found in abundance and form 
the second most dominant group (table ). At site I, maximum 
density of 513 No./l was found in May, 2007 and minimum of 70 
No./l in November 2007. At site II, maximum density was 475 No./l 
in April, 2007 and minimum density was 24 No./l in January, 2008 
whereas site III, showed maximum density in April 2007 (360 No./l) 
and minimum in December, 2007 (30 No./l). 
Cladocera depicted a total population density of 2473 No./l at site I, 
2133 No./l at site II, and 1977 at site III. The dominant species 
during the peak season were Abna spp., Bosmina longirostris, Chydorus 
spp. Macrothrix rosea and Daphnia spp. Amongst them the most 
dominant species in terms of population density were Alona spp. with 
population density of (238 No./l at site I, 314 No./l at site II, and 
218 No./l at Site IH), and Chydorus spp. (440 No./l at site I, 280 
No./l at site II and 374 No./l at site IH;), Moina spp. (201 No./l at 
site I, 251 No./l at site II and 241 No./l at site III). 
In the present study, cladocera showed highest population peak in 
spring and summer and had thin population during autumn and 
winter which could be attributed to decreasing winter temperature. 
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This is in agreement with the findings of Pejler (1964), Patlas and 
Patlas (1966), Halckari (1977) comtn^y et.cil, (1977). Morever, the 
presence of species like Bosmina lon^irostris and Chydorus spp. is 
suggestive of the eutrophic nature of the lake. 
Copepoda: Copepods are very ancient arthropods and the diminutive 
relatives of crabs and shrimps. They are often called as Svater fleas' in 
common with many other small crustacean. Copepods are primary 
and secondary consumers in aquatic food chain and can make organic 
material available to higher trophic level, thus, saving foraging energy 
of their predators (Reddy, 2001). Copepods have been reported to be 
good indicators of water quality (Patalas 1972; Cairns 1974). 
According to Reddy (2001), the copepods (either calonoid or 
cyclopoid): cladocera ratio is used in limnological studies as a water 
quality indicator. Higher values indicate the oligtrophy and low 
values the hypertrophy. 
Among the major groups of zooplankton in the present study 
copepods were relatively less abundant than that of cladocerans and 
rotifers. 
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The copcpods population density of all the three sites is given in the 
Table 5 a, b & c. Site I recorded the maximum population density of 
(242 No./I) in January 2008 and minimum population density of (47 
No./l) in June and November, 2007. At site 11, maximum population 
density (279 No./l) was recorded in December 2007 and the 
minimum (40 No./l) in August, 2007 whereas at site III, maximum 
population density (224 No./l) was recorded in January, 2008 and 
minimum (49 No./l) in October, 2007. 
In present study copepoda showed the bimodal occurrence with peaks 
in spring and winter. The dominant winter peak of copepods during 
winter in present study might be due to favourable conditions such as 
abundance of food organisms and dissolved oxygen. The most 
dominant species in terms of population density were Diaptomus spp. 
(228 No./l at site, 465 No./l at site II and 331 No./l at site III), 
Encyclops spp. (208 No./l) at site I, 274 No./l at site II and 176 at site 
III, Encyclops speratus (199 No./l) at site I, 234 No./l at site 11 and 
212 No./l at site HI and Macrocyclops spp. {Ill No./l at site I, 261 
No./l at site 11 and 338 No./l at site III). 
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During the present investigation the total population density of 
copepoda at site I was 1235 No./l, 1623 No./l at site II and 1449 
No./l at site III. 
Seasonal variation in this group have been reported by many workers 
(Kaushik and Sharma, 1994). Though temperature is one of the 
major factor responsible for the seasonal fluctuations in copepod 
(Chen, 1965), but in present investigation it does not seem to be only 
factor responsible for such fluctuations. It seems that copepods also 
respond to high food availability. According to Mahajan (1981) 
although they exist under a wide range of environmental conditions 
yet many species are limited by temperatv^re, dissolved oxygen and 
other physico-chemical factors. 
Nauplii larvae: During present study, different developmental stages 
of zooplankton were recorded and their contribution to the total 
zooplankton density is given in Table (5, a, b & c). 
Copepod eggs hatch into a small compact active free swimming larva 
called nauplius which has three pairs of appendages (Pennak, 1978). 
There are altogether six successive nauplier stages which feed, grow, 
moults and acquire further appendages (Wetzel, 1983). After six 
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nauplier moults, an enlarged and more elongated form of the first 
copepodite instar develops. These are five copepodite stages during 
which additional appendages and body segments develop. The sixth 
and final copepodtie stage is adult (Reddy, 2001). The time required 
to complete juvenile stage is highly variable depending upon various 
environmental conditions (Wetzel, 1983). 
In present investigation, the maximum density of nauplli varied from 
a minimum of 22 No./l in December 2007 to a maximum of 65 No./l 
in April, 2007 at site 1. At site II, the number varied from a minimum 
of 20 No./l in March, 2007 to a maximum of 64 No./l in April, 2007 
whereas at site III, their number varied from minimum of 32 No./l in 
October, 2007 and February, 2008 to a maximum of 47 No./l in 
March, 2007. 
In present study, Nauplier stages were observed almost throughout 
year excepting certain months at selected sites. This shows that 
reproduction in copepods is carried out throughout the year. Pennak 
(1978) has also reported that reproduction in some species of 
copepods is carried out throughout the year having three or more 
generations. 
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SUMMARY 
Water temperature varied in accordance with air temperature. Water 
temperature ranged from 5°C to 28*'C at site I, 5"C to 27°C at site II 
and 6°C to 27°C at site III. Minimum water temperature was 
recorded during January, 2008 and maximum in July, 2007. 
Air temperature ranged from 7°C to Sl '^C at site I, 8°C to 29°C 
at site II and 8°C to 30°C at site III. Minimum Air temperature was 
recorded during January, 2008 and maximum in July, 2007. 
Transparency ranged from a minimum of 14 cm in the month 
of March, 2007 to a maximum of 120 cm in the month of January, 
2008 at all the three investigated sites. The fluctuations in 
transparency could be attributed to decreased silt, biological activities 
and low input of organic matter and suspended matter. 
Dissolved oxygen varied form a minimum of 3.60 mg/1 during 
July, 2007 to a maximum of 13.0 mg/1 during January, 2008 at site I 
while at site II it varied from a minimum of 4.40 mg/1 during June, 
2007 to a maximum of 13.0 mg/1 during February, 2008. At site III, 
it varied from a minimum of 4.40 mg/1 to a maximum of 12.0 during 
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January, 2008. Fluctuations in D.O liave been found to be affected by 
photosynthetic activities, temperature and respiration by micro and 
macro-organisms. 
CO2 ranged from 4.0 mg/1 in January, 2008 to 15.0 mg/1 in June, 
2007 at site I. At site II, it fluctuated from 4.0 mg/1 in February, 
2008 to 18.0 mg/1 in July 2007 whereas at site III it varied from 4.0 
mg/1 in January, 2008 to 16.0 mg/1 in July, 2007. The fluctuation in 
CO2 has been found to be affected by many factors like shallow 
depth, microbial decomposition, respiratory activities of aquatic 
plants and animals. 
Conductivity ranged from 110 /xScm' in May, 2007 to 312 iiScm'^ in 
November, 2007 at site I. At site II, it varied from 96 /zScm'^  in May, 
2007 to 298 fiScm^ in October, 2007 whereas it ranged from 105 
jLtScm'^  in May, 2007 to 295 /xScm'^  in November 2007 at site III. 
The fluctuations in conductivity in present investigation is related to 
the biological productivity, nutrient enrichment and nutrient locking. 
pH fluctuated from a minimum of 7.5 during November 2007 to a 
maximum of 8.9 during July, 2007 at site I. At site II, it fluctuated 
from a minimum of 7.6 during January, 2008 to maximum of 8.7 
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during August 2007. At site III, it varied from a minimum of 1.7 
during February 2008 to a maximum of 8.9 during June 2007. The 
pH remained on alkaline side throughout the period of investigation. 
Alkalinity was of bicarbonate type only with minimum of 78 mg/1 in 
July, 2007 to a maximum of 179 mg/1 in January, 2008 at site I. At 
site n , it fluctuated from a minimum of 85 mg/1 in July, 2007 to a 
maximum of 175 mg/1 in February, 2006. At site III, it fluctuated 
from a minimum of 86 mg/1 during July, 2007 to a maximum of 190 
mg/1 during January 2008. In general the maximum alkalinity was 
recorded during the winter and Autumn in comparison to spring and 
summer. 
Hardness ranged from 110 mg/1 in February, 2008 to 210 mg/1 in 
September, 2007 at site I and from 105 mg/1 in March, 2007 to 185 
mg/1 in September, 2007 at site II. At site III, it ranged from 90 mg/1 
in March, 2007 to 190 mg/1 in October, 2007. Higher values of 
Hardness could be attributed to inflowing sewage and high 
anthropogenic activities. 
Ionic composition was constituted by the three main ions calcium, 
magnesium and chloride. 
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Calcium was the most dominant cation in the lake. Calcium ranged 
from a minimum of 23mg/l in August, 2007 to a maximum of 59 
mg/1 in February, 2008 at site I. At site II, it ranged from a minimum 
of 25 mg/1 in May, 2007 to a maximum of 54 mg/1 in January, 2008 
and at site III, it ranged from a minimum of 21 mg/1 in May, 2007 to 
a maximum :)f 46mg/l in December, 2007. 
Magnesium varied from a minimum of 4.50 mg/1 in April, 2007 to a 
maximum of 25.0 mg/1 in January, 2008 at site I. At site II, it varied 
from a minimum of 7.0 mg/1 in April, 2007 to a maximum of 22.0 
mg/1 in December, 2007. At site III, it ranged from a minimum of 
8.50 mg/1 in March, 2007 to a maximum of 22.50 mg/1 in February, 
2008. The fluctuation in magnesium in present study could be 
attributed to its uptake by aquatic vegetation. 
Chlorides values fluctuated from a minimum of 10 mg/1 in April, 
2007 to a maximum of 32.50 mg/1 in July, 2007 at site I. It 
fluctuated from a minimum of 11.0 mg/1 in May, 2007 to a 
maximum of 38.0 mg/1 in July, 2007 at site XL At site EI, it 
fluctuated from a minimum of 12.0 mg/1 in February, 2008 to a 
maximum of 46.0 in August, 2007. The fluctuation in chloride values 
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are due to evaporation and maximum human activities and presence 
of large amount of organic matter. 
NO3-N ranged from 186 ^ig/l in December, 2007 to 315 fig/l in July, 
2007 at site I. At site II, it varied from 182 jug/I in February, 2008 to 
315 /xg/1 in August, 2007 whereas it fluctuated from 168 /xg/1 in 
February, 2008 to 338 fig/l in August, 2007 at site III. The 
fluctuation in NO3-N during present study could be attributed to 
increased rate of decomposition of organic matter, entry of nitrogen 
fertilizers and faecal matter. 
Phosphate phosphorus fluctuated from 88 jug/l in December, 2007 to 
195 jLtg/l in August, 2007 at site 1. At site II, it varied from 96 fig/\ in 
December, 2007 to 198 /xg/1 in April, 2007 whereas it ranged from 
103 jLtg/l in December, 2007 to 203 /xg/1 in August, 2007 at site III. 
The fluctuation in PO4-P might be due to its utilization by 
macrophytes and algae, evaporation and addition of nutrients due to 
decomposition. 
Phytoplankton mainly comprises algae. Phytoplankton depicted 
spring and a winter peak at all the three selected sites of the lake. A 
number of factors (physical, chemical and biological) were found to 
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be involved to bring cumulative effect. The total phytoplankton 
number fluctuated from 115 to 510 No./ml at site I, from 122 
No./ml to 423 No./ml at Site II and from 99 No./ml to 482 No./ml 
at site III. 
Bacillariophyceae (Diatoms) formed the most dominant group of 
phytoplankton at all the three selected sites. Bacillariophyceae 
depicted unimodal winter peak in present study at all the three sites. 
At site I, the maximum density was found in January, 2008 (394 
No./ml) and minimum density was found in July, 2007 (16 No./ml). 
At site II, maximum density was found in January, 2008 (373 
No./ml) and minimum density was found in August, 2007 (22 
No./ml). At site III, the maximum density was (417 No./ml) in 
January, 2008 and minimum (32 No./ml) in July, 2008. 
Chlorophyceae (Green algae) formed the second most abundant 
group of phytoplankton at all the three selected sites. At site 1, it 
varied from minimum of 21 No./ml in June, 2007 to a maximum of 
326 No./ml in May, 2007. At site II, it ranged from minimum of 15 
No./ml in February, 2007 to a maximum of 191 No./ml in May, 
2007. At site III, it fluctuated from a minimum of 25 No./ml in 
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December, 2007 and February, 2008 to a maximum of 222 No./ml 
in April, 2007. Chlorophyceae in present study recorded peak values 
in spring at all the three sites. 
Cyanophyceae (Blue-green algae) formed the third dominant group 
and depicted unimodal summer peak at all the three investigated sites. 
The minimum population density was found in March, 2007 (6 
No./ml) and the maximum in July, 2007 (110 No./ml) at site I. At 
site II, the minimum population density was found in May, 2007 (11 
No./ml) and the maximum in August, 2007 (103 No./ml) whereas at 
site III, it ranged between (9 No./ml) in February, 2008 and (115 
No./ml) in July 2007. 
Euglenophyceae formed the least abundant group during present 
study. At site I, the minimum population density was (6 No./ml) in 
December, 2007 and maximum in May, 2007 (36 No./ml). At site II, 
it varied from a minimum of 3 No./ml in December, 2007 to a 
maximum of 33 No./ml in April, 2007 whereas at site III, it 
fluctuated from a minimum of 13 No./ml during December 2007 to 
a maximum of 35 No./ml in March, 2007. Euglenniae showed peak 
development in spring at all the three sites in present investigation. 
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Zooplankton fauna of the lake under investigation comprised of three 
major groups, the Rotifera, ciadocera, copepod and nauplii larvae. 
The total zooplankton number fluctuated from 181 No./l to 1145 
No./l at site I, from 311 No./l to 920 No./l at site II and 215 No./l to 
955 at site III. The presence of kerateUa sp., Brachionus sp., Monostyla 
sp., Asplanchna priodenta, Lecane sp., Bosmina lon^irostris, chydorus sp., 
Alonaspp., indicate the cntrophication of the lake understudy. 
Rotifer formed the most abundant group of zooplankton at all the 
three selected sites. At site I, minimum population density was found 
in September, 2007 (99 No./l) and maximum in August, 2007 (831 
No./l). At site II, it ranged from a minimum of 63 No./l in October, 
2007 to a maximum of 690 No./l in'July, 2007 whereas at site III, it 
varied from 70 No./l in September, 2007 to a maximum of 675 No./l 
in August, 2007. 
The most dominant species in terms of total population density were 
Anuraeopsis fissa, Ascomorpha spp., Filinia lon^iseta, Keratella cochlearis, 
Monostyla- build and Polyarthra vulgaris. Rotifer as a group recorded 
unimodal summer peak at all the three investigates sites. 
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Cladocera formed the second most dominant group of zooplankton 
at all the three selected sites. The minimum population density was 
found in November, 2007 (70 No./l) and the maximum in May, 
2007 (513 No./l) at site I. At site II, it varied from a minimum of 24 
No./l in January, 2008 to a maximum of 475No./l in April, 2007 
whereas it ranged from a minimum of 30 No./l in December 2007 to 
a maximum of 360 No./l in April, 2007. The most dominant species 
were Alona spp. and Chydorus spp.and Moina spp. Cladocera showed 
spring-summer population peak. 
Copepod formed the least represented group during present study. 
They are primary and secondary consumers in an aquatic foodchain 
and can make organic material available to higher trophic levels. Their 
population density varied from a minimum of 47 No./l (June and 
November, 2007) to a maximum of 242 No./l (Jan, 2008), at site I. 
At site n , it varied from 40 No./l (August, 2007) to 279 No./l (in 
December 2007) whereas it ranged from 49 No./l (October, 2007) 
to 224 No./l (January, 2008) at site in . In present study, copepod 
showed the biomodal occurrance. The most dominant species were 
Diaptomus spp. 2nd Encyclops spp. 2nd Macrocyclops spp. 
99 
Development stages of copepods (Nauplii larvae) were found 
almost throughout study period. Their population density ranged 
from 6 No./l in (March 2007) to 65 No./l in (May 2007). 
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Table 7. 
Statistical briefs of various water quality parameters in Site I, Site II and Site III. 
Prameters 
Air temperature 
Transparency 
Dissolved 
Oxygen 
pH 
Phytoplankton 
Rotifera 
Parameters 
Water 
Temperature 
Total Dissolved 
Solids 
Water 
Temperature 
pH 
Water 
Temperature 
CO2 
Phytoplankton 
Alkalinity 
Hardness 
PO4-P 
NO3-N 
Water 
temperature 
Lake 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site 11 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site 11 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Coefficient of 
correlation 
0.997 
0.993 
0.996 
0.656 
0.118 
0.397 
-0.904 
-0.847 
-0.839 
0.811 
0.966 
0.814 
-0.844 
-0.840 
-0.777 
-0.877 
-0.917 
-0.854 
0.451 
0.509 
0.596 
0.926 
0.953 
0.899 
-0.324 
-0.302 
-0.120 
-0.057 
0.058 
-0.055 
-0.730 
-0.854 
-0.751 
0.708 
0.609 
0.676 
Significance at 
(p<0.05) 
/ 
/ 
^ 
/ 
^ 
/ 
/ 
^ 
-/ 
V 
^ 
-
-
-/ 
V 
V 
Table 7. 
Statistical briefs of various water quality parameters in Site I, Site II and Site III. 
Pra meters 
Phytoplankton 
Water 
Temperature 
Calcium 
Magnesium 
Parameters 
Zooplankton 
Cyanophyceae 
Chlorophyceae 
Bacillariophyceae 
Euglenophyceae 
Cyanophyceae 
Cyanophyceae 
Lake 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Site I 
Site II 
Site III 
Coefficient of 
correlation 
0.205 
0.260 
-0.006 
0.745 
0.718 
0.744 
0.325 
0.380 
0.400 
-0.855 
-0.811 
-0.818 
-0177 
-0.222 
-0.389 
-0.528 
-0.467 
-0.535 
-0.141 
-0.238 
-0.417 
Significance at 
(p<0.05) 
-
-
-
-
-
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CONCLUSION 
1. The temperature of the surface water corresponded more or less 
to the atmospheric temperature. Always a positive correlation 
between air temperature and water temperature was obtained. 
2. Water transparency was high in winter and low in spring and 
summer at all die three selected sites. 
3. The specific conductance was higher during autumn and low in 
spring and summer. Higher values could be attributed to higher 
biological activities and lower to locking of nutrients in spring 
and summer. 
4. pH was recorded alkaline throughout the study period and did 
not show any remarkable difference at various selected sites. 
5. The lower values of oxygen were recorded in summer which 
could be attributed to high rate of decomposition of organic 
matter and higher values of oxygen was recorded during winter 
due to slow rate of decomposition of organic matter at low 
temperature. 
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6. The alkalinity was of bicarbonate type at all the three investigated 
sites. The maximum alkalinity was recorded during winter season 
in comparison to spring and summer. 
7. Total dissolved solids showed an iri-egular trend due to the 
anthropogenic activities and due to the inputs from river Jhelum 
and other inflowing streams. 
8. Hardness was recorded high in quantity throughout the study 
period, which could be attributed to high anthropogenic 
activities and addition of sewage. 
9. Calcium was the most dominant cation in the lake water at all the 
studied sites. The higher levels during winter and autumn could 
be attributed to heavy input of sewage by inflowing water bodies 
and lower concentration could be due to the sedimentation and 
utilization of calcium by plankton. 
10. Magnesium was recorded in low concentration during the spring 
and in higher concentration during the winter. The lower values 
could be due to its uptakes by aquatic vegetation. 
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11. Chloride was recorded in high concentration throughout study at 
all the selected sites indicating the presence of large amount of 
organic matter which is brought by the inflowing waterbodies. 
12. Higher values of NO3-N were recorded during summer and 
autumn which could be attributed to several factors like 
decomposition of organic matter, entry of nitrogen fertilizers, 
faecal matter and anthropogenic pressure by way of agricultural 
intensification in the paddy fields lying close to the lake. 
13. Higher values of phosphate-phosphorns were recorded during 
the summer which could be attributed to evaporation, 
decomposition and anthropogenic pressure. Low values recorded 
during winter months is be due to utilization by phytoplanktons 
and Sedimentation. 
14. Rotifers, cladocerans, copepods, constituted the major group of 
zooplankton during the study period which contributed 
significantly to secondary production of these ecosystems. 
15. Among zooplankton Rotifera formed the most dominant group 
with K^ratella, cochktms (494 No./l and 482 No./l) as the most 
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dominant species at site I and II, and Anuraeopsis fissa (288 
No./l) at the site III. 
16. Cladocerans were the second most dominant group amongst 
zooplanktons with Chydorus spp. as the most dominant species at 
site I and III (440 No./l and 374 No./l) respectively ^ndAlona 
spp. at site II (314 No./l). 
17. Copepods formed the least represented group with Diaptomus 
spp. as the most dominant specie at site I and II (228 No./l and 
465 No./l) and Mmrocyclops spp.(338 No./l) as the most 
dominant specie at site III. 
18. Bacillariophyceae, Chlorophyceae, Cyanophyceae and 
Euglenophyceae constitute the major groups of phytoplankton 
population which contribute significantly to the primary 
production of these ecosystems. 
19. Presence of Bacillariophyceae, Chlorophyceae and Cyanophyceae 
indicate the eutrophic nature of the waterbody. 
20. Euglenophyceae are the indicators of organic pollution and show 
more tolerance to organically polluted waters. 
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21. Bacillariophyccae formed the most dominant group of algae at all 
the three selected sites with Navicula spp. as the most dominant 
species (118 No./ml at site I, 179 No./ml at site II and 174 
No./mlatsitelll). 
22. Chlorophyceae formed the second most dominant group of algae 
with chlorella spp. {Ill No./ml) as die most dominant species at 
site I, Selenastrum spp. (95 No./ml) at site II and Pediastrum spp. 
( I l l No./ml) at site III. 
23. Cyanophyceae formed die third most dominant group widi 
Anabaena spp. (123 No./ml) as the most dominant spp. at site I, 
Oscillatoria spp. (122 No./ml and 88 No./ml) as the most 
dominant species at site II and III respectively. 
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